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1.0 INTRODUCTION

The 200-BP-5 Operable Unit was established in response to recommendations presented in the

200 East Groundwater Aggregate Area Management Study Report (AAMSR) (DOE-RL 1993a).
Recognizing different approaches to remediation, the groundwater AAMSR recommended separating
groundwater from source and vadose zone operable units and subdividing 200 East Area groundwater

into two operable units. The division between the 200-BP-5 and 200-PO-1 Operable Units was based
principally on source operable unit boundaries and distribution of groundwater plumes derived from
either B Plant or Plutonium/Uranium Extraction (PUREX) Plant liquid waste disposal sites
(Figures 1-1 and 1-2).

Following a rationale outlined in the Hanford Past-Practice Strategy (DOE-RL 1991), the AAMSR
(DOE-RL 1993a) also identified two locations in the 200-BP-5 Operable Unit where high-priority
candidate plumes were found and recommended accelerated action along either an expedited response
action (ERA) or an interim remedial measure (IRM) pathway. At one location at the 216-B-5 Reverse
Well (B-5 Reverse Well) site, "'Cs, 2191241Pu, and 'Sr concentrations were identified as the plume
contaminants; at the 216-BY Cribs (BY-Cribs) plume site, 'Co, 9vTe, cyanide, and nitrate were
identified as the plume contaminants. Plutonium-239/240 and technetium-99 were considered to be
the most important radionuclides because of their long half-lives. By virtue of its higher
concentrations, the 90Sr plume was recommended as a candidate for the ERA pathway but was
grouped with the IRM-level contaminants, "'Cs and 239121Pu, for ease of treatment (DOE-RL 1993a).

An agreement between the U.S. Department of Energy (DOE), the U.S. Environmental Protection
Agency (EPA), and the Washington State Department of Ecology (Ecology), as documented in the
Hanford Federal Facility Agreement and Consent Order (Tri-Party Agreement) (Change Control
Form M-13-93-03) (Ecology et al. 1994), enacted these recommendations. It required the preparation
of a treatability test plan by January 1994 and startup of pilot-scale pump-and-treat treatability test
systems at each plume site by August 1994. The treatability tests, if successful, were to be the first
step toward developing a full-scale IRM treatment system for each plume. The change also specified
that "Co, "'Cs, =39'240Pu, 90Sr, and wTc would be the primary target contaminants. Cyanide and
nitrate were considered to be secondary contaminants of concern.

The treatability test plan (DOE-RL 1995c) identified ion exchange as the treatment technology to be
evaluated. It also indicated the need for improved understanding of both groundwater contaminant
distribution and aquifer property evaluation at each plume. Treatability testing began on August 29,
1994; regular operations started on January 18; 1995, and were halted on May 29, 1995. This report
summarizes the results of the treatability tests at the two sites and the aquifer characterization efforts.
Additionally, the report provides information related to historic plume migrations that was deemed
useful in planning future actions at the 200-BP-5 Operable Unit.

1.1 PURPOSE AND SCOPE

The pilot-scale treatability tests were performed to assess the following: (1) the ability of an
aboveground pump-and-treat system to extract sufficient volumes of groundwater from the
B-5 Reverse Well and BY-Cribs plumes to affect the groundwater contaminant concentrations, and
(2) the effectiveness of aboveground ion-exchange treatment systems in removing cesium, cobalt,
plutonium, strontium, and technetium contaminants from the extracted groundwater. During the
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course of testing, additional elements were added to the scope. These activities provided data to
support decisions on future remedial actions at the plumes.

Treatability tests were also intended to better determine the distribution of the respective contaminants
at each plume and improve understanding of aquifer properties. Modifications to Rev. 0 of the
treatability test plan specified drilling activities to determine the BY-Cribs plume location. A
200 National Priorities List (NPL) Agreement/Change Control Form (BHI-00203, dated November 9,
1994) detailed a number of specific activities to characterize the aquifer at both sites. Activities
included additional well sampling, tracer tests, and in situ flow velocity tests. These activities are
described in greater detail in Section 2.6.1.

A qualitative risk analysis (QRA) was proposed for fiscal year (FY) 1995 to assess contaminant risk
to human health. An evaluation of the QRA process found it to be overly conservative and relatively
costly to prepare. An alternate Risk-Based Decision Analysis (RBDA) approach to the QRA process
was proposed by the Environmental Restoration Contractor (ERC) (BHI 1995b) and approved by the
U.S. Department of Energy, Richland Operations Office (DOE-RL). The QRA and RBDA differed
according to the conventions by which contaminant concentrations were assigned in the plume and
how the plume was then rated. The QRA typically assigned the highest concentration of the target
contaminant to the entire plume and then calculated the risk. From there the plume was then
qualitatively rated as a low, medium, or high risk and applied to the entire area. The RBDA
preserved spatial distribution from available well data and then calculated risk values for individual
concentration values. The risks were then represented as risk contours on a map. In addition, the
RBDA modeled the migration of contaminants to downgradient locations or specified points in time to
assess the effects of natural attenuation on risk to potential future users of the ground water.

Per an agreement between the DOE, EPA, and ERC, additional text was developed for the treatability
test report to address historical site operational conditions and knowledge and to relate it to the
current 200-BP-5 Operable Unit data. Several groundwater reports over the years have indicated
plume migrations and behavior that have not been previously analyzed in a coherent fashion.

1.2 SITE DESCRIPTION

The two plumes resulted from low-level radioactive liquid waste disposal activities associated with
operations at the B Plant complex, located in the northwest corner of the 200 East Area. Waste was
discharged to the two sites periodically during the first 30 years of Hanford Site operations. Both
source sites are situated on the Separations Area Plateau at elevations of 189 to 207 m(620 to 680 ft)
above sea level. The "'Cs, 239a4°Pu, and 'Sr plumes remain close to the B-5 Reverse Well, but the
60Co and99Tc plume from the BY-Cribs has migrated north toward Gable Gap. Consequently, while
the B-5 treatment system was set up at the original waste facility, the BY treatment system was set up
at the center of the current plume, well 699-50-53A.

1.2.1 216-B-5 Reverse Well

The B-5 Reverse Well plume is centered around the B-5 Reverse Well, which is located about 305 in
(1,000 ft) northeast of the 221-B Canyon Building at the B Plant facility (Figures 1-3 and 1-4). The
241-B-361 Settling Tank is located about 15.2 m(50 ft) southwest of the B-5 Reverse Well and was
used to settle-out precipitated solids in the aqueous wastes before they entered the well. The reverse
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well is flanked by a series of four wells that lie along a northwest-southeast line within 20 m(65 ft)

of the B-5 Reverse Well. These wells were drilled or deepened in 1979 to 1980. The wells

encounter the water table 85 m(280 ft) below the ground surface and extend to the bottom of the
15-m (48-ft) thick aquifer. The next nearest wells are 155 to 168 m (510 to 550 ft) northwest and

152 m (500 ft) east of the B-5 Reverse Well.

The pilot-scale treatability test system was set up in close proximity to the B-5 Reverse Well because
the plumes were believed to be confined around the reverse well. As described in Section 4.1, based
on well fitness-for-use testing, well 299-E28-23, located 1.2 m (4 ft) southeast of the B-5 Reverse
Well, was chosen to be the extraction well. Well 299-E28-7 was chosen to be the return well after an
ERC regulatory analysis determined that the originally selected return well, 299-E28-1, was outside
the plume boundary. The treatment system was not designed to remove 'Sr to below drinking water
standards (DWS) (8 pCi/L or 5.67 x 10e ppb), and therefore reinjection at the well 299-E28-1 could
spread contamination to an otherwise uncontaminated part of the 200 East Area aquifer [for
comparison, the 1.2 pCi/L maximum contaminant level (MCL) for 2191210Pu is 1.96 x 10-6 ppb and the
120 pCi/L MCL for "'Cs is 1.38 x 10-6 ppb]. A site map and well as-builts are included in
Appendix F.

1.2.2 216-BY Cribs

The BY-Cribs plume is centered at well 699-50-53A, located 914 m (3,000 ft) north of the source
BY-Cribs and 241-BY Tank Farm (Figure 1-5). From well fitness-for-use testing (see Section 4.1), it
was determined that well 699-50-53A was the only candidate for the extraction well. This site was
selected based on available groundwater chemistry data from local wells that indicated that the area of
greatest contaminant concentration was centered at that location. The pilot-scale system was set up
around well 699-50-53A. Well 699-49-55A, approximately 610 m (2,000 ft) to the west-southwest,
was chosen for reinjection when fitness-for-use testing proved its suitability as a return well. Other
nearby wells were 1,067 to 1,219 m (3,500 to 4,000 ft) away. More distant wells defining the plume
are scattered irregularly on 457- to 610-m (1,500- to 2,000-ft) centers. The distance between wells
was not considered optimal, but efforts to site and drill a well closer to the extraction well (see
Section 2.6.2) were unsuccessful. A map location and well as-builts are included in Appendix F.

1.3 TREATMENT TECHNOLOGY DESCRIPTION

Ion exchange was selected as the treatment technology for both 200-BP-5 Operable Unit pilot-scale
treatability tests. Ion exchange as a unit process is commonly applied in chemical processing,
hydrometallurgy, and water and waste treatment as a technique for sorbing soluble metal species from
solution. Cesium, cobalt, plutonium, strontium, and technetium are transition metals that are
amenable for removal by ion exchange. This treatment technology is a proven process that does not
require major technological development and is easily implemented. It has been evaluated at
radioactively contaminated Superfund sites (EPA 1990) and the Oak Ridge National Laboratory
(Robinson 1990). Ion exchange has been used in previous treatment studies and systems at the
Hanford Site (Ames 1959, Mercer 1960, Delegard et al. 1986, Barney et al. 1992) and numerous
municipal and industrial water treatment applications (Baker et al. 1988; Sorg 1989, 1991; Jelinek and
Sorg 1988; Del Cul et al. 1992). These applications demonstrate that ion exchange is an effective
treatment process for removing radionuclides from both water and groundwater.
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Ion-exchange technology removes ions from solution by adsorption onto a solid medium
(e.g., ion-exchange resin). Typically, with groundwater treatment, extracted groundwater is
prefiltered and then pumped through a series of two or more beds (ion-exchange columns) of
adsorbent where the ionic species in the groundwater exchange with or are adsorbed onto the surface
of the adsorbent, thereby removing them from solution.

Generally, ion-exchange treatment systems consist of three columns that are plumbed to provide flow
through any two columns at one time in a lead-polish mode, while a third column is offline for resin
regeneration or resin replacement. The lead column provides primary removal of the contaminant(s)
while the polish column "polishes" the discharge from the lead column to achieve a high-quality
effluent. The columns are operated in a rotational basis. This arrangement provides for continuous
operation in that when the lead column reaches breakthrough, it is valved out and the polish (or
second) column is switched to lead position and the standby column is switched into polish position.

If the objective of ion-exchange treatment is to provide a high-quality effluent (achieve a very low
target contaminant level) the lead column is generally run to 30% to 50% breakthrough to ensure that
the polish column can achieve the overall desired removal. An option is to use a third column in
series, then the lead column can be loaded to saturation. However, this increases system pressures
and costs. The cost savings for increased loading of the lead column may not be offset by the
installed cost of the third column ( the overall system would require four columns for continuous
operation).

The 200-BP-5 pilot-scale treatment systems used two to three ion-exchange columns in a series-flow
arrangement. At the B-5 Reverse Well plume site, two lead columns of different media were required
to remove the three contaminants followed by a mixed bed polishing column. At the BY-Cribs plume
site, a typical two-column arrangement was used.

Resins can be regenerated, but this requires a large volume of water and regenerant solutions (acids,
salt, or caustic solutions) and creates large volumes of spent solutions that require further treatment
before disposal. If there were a market or demand for the recovered material, regenerating the resin
might be beneficial. The 200-BP-5 Treatability Test Plan (DOE-RL 1995c) specified that the spent
resins would be dewatered, removed, and drummed for disposal (see Sections 2.2.1, 3.1). Resins
were sampled and analyzed for waste characterization (Section 3.1.2.3).

To properly select an adsorbent for use in an ion-exchange treatment system, a qualitative prediction
of its sorptive behavior must be made. This involves determining the type and ionic species of the
contaminants that might be encountered so that an adsorbent with the proper functional group can be
identified. A review of the historical processes and waste treatment operations of the facilities
contributing the wastes and hydrochemical characteristics of the groundwater is helpful in determining
the ionic species. The groundwater in the 200 Areas contains dissolved solids resulting from both
natural and man-made processes. It also contains a significant quantity of free, or dissolved, oxygen,
thus creating an oxidizing chemical environment.

1.3.1 216-B-5 Reverse Well Site Test

The B-5 Reverse Well was used for the disposal of medium-level radioactive wastes from B Plant
starting in 1945 and received approximately 303 x 10' L (8 x 106 gal) until its abandonment in 1947.
Waste liquids were derived from fuel rod dissolution and waste neutralization processes at the 221-B
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Building and from waste neutralization processes at the 224-B Concentrator Building. A precipitate in
the waste stream was allowed to settle in the 241-B-361 Settling Tank, located just upstream of the
well. The residual waste stream containing reduced levels of cesium, plutonium, and strontium was
then allowed to overflow to the ground via the B-5 Reverse Well. Contaminant activities and
contaminant plume data are included in Table 1-1.

Plutonium has four oxidation states: (Ill), (IV), (V), and (VI). Pu(V) is unstable, disproportionating
to other valence states. Pu(III) is readily converted to Pu(IV) in the presence of oxidants. This
processing generally ensured that the plutonium in plant waste discharges was in the Pu(IV) state.
Moreover, when plutonium is in contact with soil sediments, the higher oxidation states are slowly
reduced to the Pu(IV) state (Barney 1988). The plutonyl ion is unstable and, at the pH ranges
encountered in the aquifer (pH 7 to 8.5), generally combines with carbonates, hydroxides, and
sulfates. Therefore, plutonium exists mainly as anions in hydroxyl and carbonate complexes in the
form PuO2(CO3)35 or Pu(OH)5 (Barney et al. 1992), or in the nitrate form Pu(NO,)r'(Ryan 1960).
Cations and uncharged species may predominate at lower pH values, but generally because of the
cation-exchange capacity of the soil, cations are sorbed/exchanged from groundwater. Based on
previous laboratory work (Barney et al. 1992) it was determined that the distribution coefficient (Kd)
for plutonium on bone char (registered trademark of TIGG Corporation/Tate & Lyle Process
Technology Specialty Chemicals, Greenock, Scotland) was about 30,000 mL/g of resin (i.e.,
plutonium was strongly attracted to and held by the bone char). Column tests concluded that bone
char could process 83,278 L(22,000-gal) of Plutonium Finishing Plant (PFP) water (with a plutonium
concentration of 100 pCi/L) per gallon of bone char to break through. Based on these results, bone
char was selected for plutonium removal.

Strontium, an alkaline earth element, is an active metal, and is readily soluble in nitric acid, forming
bivalent cations. Strontium is not readily extractable from nitrate solutions in solvent extraction
processing, and therefore ends up in the raffinate (aqueous waste stream from solvent extraction
columns containing the impurities) discharged as waste. Being bivalent, strontium is rather strongly
adsorbed by cation-type adsorbents. Clinoptilolite [registered trademark of American Resource
Corporation (AmReC)/Ash Meadow Clino] was selected as the adsorbent for 90Sr removal.

Cesium, also an alkaline metal element, forms few water-insoluble compounds and is readily soluble
in nitric acid, forming a monovalent cation. Cesium is not appreciably extracted into organic solvents
under the conditions of solvent extraction. However, several insoluble metal-ferrocyanide and
ferricyanides act to precipitate and/or scavenge cesium from solution. The affinity of cesium for
cation-exchange adsorbents is generally low as a result of its low ionic charge. However, one
sulfonated cation resin (IR-100) (registered trademark of Rohm and Haas, Philadelphia, Pennsylvania)
did indicate an unusually high affinity for cesium (Reactor Handbook 1961). Cesium has been shown
to adsorb readily from alkaline solutions by certain complex silicate minerals such as the clay,
montmorillonite, and the zeolite, clinoptilolite (Reactor Handbook 1961). Laboratory tests indicated
satisfactory cesium removal by the natural zeolite clinoptilolite. Therefore, clinoptilolite was selected
as the adsorbent for cesium removal.

The ion-exchange process system for the B-5 Reverse Well pilot-scale treatment test consisted of three
ion-exchange columns in a series-flow arrangement: a bone char column followed by a clinoptilolite
column followed by a mixed bed column with 50% bone char, 50% clinoptilolite.
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1.3.2 216-BY Cribs Site Test

During the first years of Hanford Site operations, separation waste containing significant quantities of
uranium was stored in the 241-Tank Farms. To reduce tank construction requirements and to recover
uranium, the Uranium Recovery Program (URP) was initiated at the 221/244-U Buildings. This
process captured most of the uranium but, in the process, concentrated significant quantities of fission
products in the waste being returned to the tank farms. In the process, the URP generated waste at a
2:1 ratio for every gallon of tank waste brought in to the URP (Waite 1991). Evaporators in the
Uranium Recovery Process and at the T and B tank farms were not able to keep up with the
processing rate, and there was net loss in tank space (Anderson 1990). Plans were made to operate
the tanks in a cascade and discharge the supernatant to the ground to prevent exhausting tank
capacity. However, this was recognized to result in unacceptably high concentrations of radionuclides
going to the ground and was not implemented.

An in-plant scavenging process that added potassium ferrocyanide to the waste stream before going to
the tank farms was included in post-September 1954 waste treatment operations. Liquid effluents sent
to the 241-BY Single-Shell Tank Farms prior to in-plant fission product removal were transferred to
the 241-CR vault for ferrocyanide scavenging. Upon return, the waste was cascaded through a
three-tank system with most of the precipitated cesium dropping out in the first tank. Overflow
liquids were then discharged to the soil column at the BY-Cribs through the 216-B-43 to 216-B-49
Cribs between November 1954 and December 1957.

Cobalt-60 was not recognized in the groundwater until January 1956 when it was detected in
groundwater samples near the BY-Cribs (Thomas et al. 1956). The presence of "Co in the
groundwater was surprising because it was generally known to readily sorb onto soils and to be
significantly retarded in moving through the soil column. Cobalt was assumed to have complexed
with a large molecule or to exist in a nonionized form. Cyanide is highly mobile in groundwater and
soil and was present in the waste solutions discharged to the BY-Cribs (Thomas et al. 1956). By the
time 'Co had been detected, the BY-Cribs had already been closed to further waste discharges
because beta activity had been detected in the groundwater under the cribs (Kasza 1993). Regular
groundwater sampling and analysis for 99Tc was initiated in 1985 due to improved analytical methods.
Contaminant plume data are presented in Table 1-1.

Two in-tank solidification (ITS) processing systems pumped more than 144,000,000 L
(38,000,000 gal) of tank liquor condensate to the 216-B-50 and 216-B-57 Cribs, located about 61 m
(200 ft) north of the 241-BY Tank Farm. With these systems, tank liquids were evaporated, extracted
from the tank, and then condensed. The process condensate was sent to the soil column. ITS-1 was
used in Tanks 241-BY-101 and 241-BY-102, while ITS-2 was used in Tank 241-BY-112. Tank
liquids were received from the Waste Fractionization Process at the 221-B Plant where 13'Cs and 'Sr
were recovered from existing tank wastes.

Del Cul et al. (1992) and Barney (1994) have reported that technetium is predominantly in the
pertechnatate form (Tc04) an anion. They assume that this is because of the oxic (oxidizing)
conditions of groundwater. Dissolved oxygen concentrations of 5.7 to 10.5 mg/L are reported in the
Hanford Environmental Information System (HEIS) database for groundwater in the 200 Areas. It
may also be because of the other conditions that provide a reducing environment in the groundwater
at depths beyond 61 m (200 ft). Cobalt-60 normally exists as a divalent cation in acidic to mildly
alkaline conditions and readily sorbs onto soil via cation exchange, much as the contaminants at the
B-5 Reverse Well. However, cobalt can form anion or neutral complexes. Since cyanides have a
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strong affinity for forming metal complexes, it is thought that cyanide has complexed with the cobalt.
A cobalt-cyanide complex in the anionic form Co(CN)6a would explain the increased mobility of
cobalt.

Because many ion-exchange resin manufacturers have developed adsorbents with functional groups
that have an affinity for transition metals and because the cobalt and technetium were thought to be in
anionic form, Dowex 21K (registered trademark of DOW Chemical Company, Midland, Michigan),
a strong base anion ion-exchange resin, was selected for evaluation at the BY-Cribs site. The
BY-Cribs ion-exchange treatment system consisted of two ion-exchange columns in a series-flow
arrangement.

1.4 GENERAL GEOLOGY AND HYDROGEOLOGY

The geology of the Hanford Site and surrounding area has been reported in several documents
(Myers et al. 1979, Delaney et al. 1991, Reidel et al. 1992). The 200 East Area geology and
hydrology is presented in detail in the AAMSR (DOE-RL 1993a), in Connelly et al. (1992), and
Lindsey et al. (1992), among others. For the purposes of this treatability test report, a brief
discussion is given to provide a foundation for understanding the geology and hydrologic conditions at
the two treatability test sites and to provide a basis for understanding recommendations for future
activities. Local geologic features affecting the groundwater flow system are also emphasized.

1.4.1 Topography

The 200-BP-5 Operable Unit encompasses the northeastern portion of the 200 Area Plateau located on
the Cold Creek Bar (also known as Separations or Central Plateau) and the slope north to Gable
Mountain (Figure 1-6). The plateau's northern slope drops more than 61 m (200 ft) to a flood
channel and coulee system at the base of Gable Mountain. The B-5 Reverse Well site is located near
the center of the plateau; the BY-Cribs site lies on the northern slope between deep flood channel
depressions south of Gable Mountain. The presence of the flood channels substantiates some of the
bedrock features interpreted from well logs, as discussed in the following section.

1.4.2 Stratigraphy

The 200-BP-5 Operable Unit is underlain by a thick sequence of Columbia River basalts that are, in
turn, overlain by the Ringold and Hanford Formation sediments. A thin layer of eolian sediments
mantel the surface. Figure 1-7 depicts the stratigraphic relationships of the sedimentary units.

The Elephant Mountain Member of the Columbia River Basalt Group forms the base for the upper,
unconfined aquifer system throughout most of the 200-BP-5 Operable Unit. The Columbia River
Basalt Group, which erupted approximately 17 to 6 million years ago, consists of a number of flood
basalt flows typically 30 to 91 m (100 to 300 ft) thick that are separated by relatively thin interbeds of
sediments belonging to the Ellensburg formation. The interbeds and interflow zones are typically the
sites of confined regional aquifers.

Lying unconformably on the basalt under the southern part of the 200-BP-5 Operable Unit is the
Ringold Formation (Figure 1-8). This sedimentary sequence is a regionally extensive unit filling the
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Pasco Basin. It consists of river channel-deposited sands and gravels combined with overbank sand
and silt deposits. Between the channel deposits are fresh-water lake mud deposits that tend to form
less permeable layers for groundwater movement. In general terms, this formation is not found in the
area north of the 200 East Area fenceline and south of Gable Mountain. The Ringold Formation
tends to thicken to the south and west toward the Cold Creek Syncline, and its disappearance north
toward Gable Mountain is attributed to erosion by the Missoula Floods and the ancestral Columbia
River. Smith (1980) estimates the Ringold Formation to be approximately 27 to 30 m(90 to 100 ft)
thick at the B-5 Reverse Well. Connelly et al. (1992) reinterpreted the Ringold Formation to be
approximately 9 to 11 m(30 to 35 ft) thick in the vicinity of the B-5 Reverse Well. The Ringold
Formation is not present in the area of the BY-Cribs plume.

The overlying Hanford formation is the result of sediment deposition associated with the cataclysmic
Missoula Floods, the last of which occurred approximately 13,000 years ago. The formation consists
of coarse gravel layers overlain by upward-fining deposits of gravels, sands, and silts. The
sedimentary unit is extensive and fills eroded channels in the underlying Elephant Mountain Basalt
and the Ringold Formation with very coarse gravels. Away from the channels, deposits are finer
grained. The Hanford formation comprises approximately the upper 76 m(250 ft) of sediments at the
B-5 Reverse Well site. It is the only formation found overlying the BY-Cribs plume site, where its
thickness is dependent on the surface topography.

1.4.3 Structure

The major structural feature found in the basalts beneath the 200-BP-5 Operable Unit is the
subsurface extension of the Umtanum Ridge anticline. The east-west-trending axis of this structure
lies to several thousand feet north of the 200 East Area fenceline and is approximated by Gable
Mountain and Gable Butte. The basalt surface under most of the operable unit dips gently to the
south toward the Cold Creek Syncline, while the north limb dips steeply to the north.

The basalt has been locally eroded by the Missoula Floods and the ancestral Columbia River, leaving
erosional scours or channels in the Elephant Mountain basalt. At least one erosional window through
the basalt is recognized in the vicinity of well cluster 699-53-55 and well 699-55-55, where sediments
up to 76 m(250 ft) thick are encountered. In the area of Gable Gap, Elephant Mountain basalt has
been eroded to expose the older Pomona, Esquatzel, Asotin, and Umatilla Members. East of wells
699-50-53A and 699-52-54, basalt is found above the water table as either an eastward extension of
the Gable Butte fold or as a less-eroded portion of the top of the Elephant Mountain flow.

1.4.4 Hydrogeology

The unconfined aquifer beneath the 200-BP-5 Operable Unit is a composite aquifer system composed
of the sediments resting on the top of the Elephant Mountain basalt and open fractures within basalt
flow. The saturated sediments range from 0 in at the margins of the subsurface basalt high near well
699-50-53A to 3 to 5 m ( 10 to 15 ft) thick at wells around the BY-Cribs and to thicknesses of 13.7 in
(45 ft) at the B-5 Reverse Well. The total thickness is undefined due to erosional effects on the
basalt. In general, the aquifer thickens to the south in response to the dip of the basalt. Typically,
the aquifer is present in gravels of the Hanford formation north of the 200 East Area fenceline and in
coarser portions of the Ringold Formation, south of the boundary ( Figure 1-9).
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Pre-Hanford groundwater flow was generally west to east. The flow pattern was modified with the
start of Separation Area operations by the discharge of significant volumes of cooling water to surface
ponds and the soil column. Water-table mounding associated with the 216-B-3 Pond operations was
noted as early as 1951 by Bierschenk (1957), who recognized pond operations as a means of retarding
radionuclide migration. Water-table rises of 3 to 5 m (10 to 15 ft) were reported as resulting from
B Plant cooling water discharges of approximately 5,700 L/min (1,500 gal/min) to the B Pond system
from 1944 to 1951. These levels increased by another 1.5 to 3 m (5 to 10 ft) with the onset of the
PUREX Plant operations, during which an average 14,000 L/min (3,600 gal/min) was discharged to
the 216-B-3 and 216-A-25 pond systems. The influence of pond discharges was noted at the B-5
Reverse Well in 1947 and is attributed to be the driving force for the BY-Cribs plume's northward
migration. Water-table elevations fluctuated over time in response to changes in plant operations but
remained at elevated levels until the recent termination of the PUREX Plant operations. Due to the
reduced quantities of water discharged to the ponds, groundwater levels have declined at rates of 0.15
to 0.30 m/yr (0.5 to 1.0 ft/yr), and several wells are being affected. Because of the interference of
numerous local and regional groundwater influences and the low hydraulic gradient over much of the
200 East Area, actual groundwater movement over time in and through the 200-BP-5 Operable Unit is
not well documented.

Before the treatability test, aquifer properties were not well known at either of the extraction wells,
and large variations were recognized for the two plumes. The best data available, as reported in the
200-BP-5 Treatability Test Plan (DOE-RL 1995c), indicated that tests performed near the 241-BY
Tank Farm yielded an aquifer transmissivity value of 4,459 m'/day (48,000 ft'-/day) and hydraulic
conductivity values of 1,524 to 3,048 m/day (5,000 to 10,000 ft/day). Groundwater level
measurements indicate gradients of 0.00006. Based on an assumed effective porosity of 20%, an
average linear flow velocity of 0.45 m/day (1.5 ft/day) was calculated. Newcomer et al. (1992)
reported a transmissivity value of 186 m2/day (2,000 ftZ/day) and an equivalent hydraulic conductivity
of 122 m/day (400 ft/day) for well 699-52-54 near the BY-Cribs plume.

The generally poor understanding of groundwater conditions and uncertainties expressed in the test
plan conceptual models for the two plumes prompted a greater emphasis on characterizing
groundwater conditions at the 200-BP-5 Operable Unit. Several contemplated characterization
activities were discussed in the 200-BP-5 Treatability Test Plan (DOE-RL 1995c), while others were
approved in a 200 NPL Agreement/Change Control Form (BHI-00203). Results of these activities
are presented in Chapters 4.0 and 5.0.

1.5 REPORT ORGANIZATION

This report follows EPA's general recommendations for content and organization of treatability test
reports, but incorporates modifications developed in the 200-UP-1 Test Report (DOE-RL 1995c).
The document also includes significant additions and changes in scope to address and support the data
requested by the DOE, EPA, and Ecology. Chapter 2.0 discusses the test goals and data quality
objectives (DQOs) in the 200-BP-5 Treatability Test Report that drove the design, operations,
sampling requirements, and equipment requirements for the treatability test and test requirements for
groundwater and contaminant distributions. It also includes those changes produced through
agreements, unforeseen/unexpected conditions, and redirections from improved understandings of'test
facets.
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The results of treatability testing and the associated laboratory and field test programs for both
systems are reported in Chapter 3.0. Chapter 4.0 reports on the contaminant extraction and
groundwater properties related to pumping during the treatment test. Chapter 5.0 summarizes
historical data related to plume movement and presents revised conceptual models of the two plumes.

It also estimates the risk associated with three 200-BP-5 Operable Unit plumes as reported in the Risk
Based Decision Analysis for the 200-BP-5 Groundwater Operable Unit (BHI 1995c). Chapter 5.0
concludes with a discussion of the data gaps and data needs for potential future work. Chapter 7.0
provides conclusions and recommendations for potential future work for the 200-BP-5 Operable Unit.
Appendices include tabulations of the raw data used in support of the discussions in Chapters 3.0 and
4.0.

NOTE: Throughout the text, the term MCLs is described as the concentration of a radionuclide in
groundwater that is considered as the DWS. The concentrations used ('Co = 100 pCi/L, "'Cs =
120 pCi/L, 2791140Pu = 1.2 pCi/L, 'Sr = 8 pCi/L,'9Tc = 900 pCi/L) were first delineated as a
standard in Price (1986). Table C-2 of Appendix C in Price (1986) presents most of these values and
references Table IV-2A of EPA (1976) as the source. The method of calculation has been changed,
and the proposed new MCL values are not presented in this document. Thus, for project consistency,
neither the terminology nor the cited MCL concentrations will be changed.
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Figure 1-1. Hanford Site Map.
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Figure 1-3. 200-BP-5 Plume Boundaries and Locations.
(1993)
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Figure 1-4. 216-B-5 Reverse Well Plumes.
(1995)
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Figure 1-5. 216-BY Cribs Plume.
(1995)
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Figure 1-7. Generalized Stratigraphy of the Hanford Site.

(DOE 1989)
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Figure 1-8. Generalized Stratigraphy of the Suprabasalt Sediments Beneath the Hanford Site.

(Delaney et al. 1991)
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Table 1-1. Surnmary Data for the 200-BP-5 Operable Unit.

Quantity
Dissolved

Plume Area, Half life
Drinking

Mobility
Plume Contaminant

disposed°
Plume 6

1992 (yr)b Water (ka in mL/g)e
Quantity Standard

hOCo 0.45 Ci 0.43 Ci 750,000 m' 5.3 100 pCi/L Low (2000)

216-BY Cribs 'Tc [unknown] 21.9 Ci 1,500,000 m' 213,000 4,000 pCi/L High (0)

Plume Cyanide 13,900 kg 985 kg 850,000 m2 -- 200 ppb High (0.1)

Nitrate 5,650,500 kg 740,000 kg ? -- 45 ppm High (0)

90Sr 76 Ci 0.17 Ci 66,000 m' 28.5 8 pCi/L Moderate (20)

216-8-5 11Cs 81 Ci 0.014 Ci 22,000 m2 30 120 pCi/L Low (500)
rse WellReve

Plume 2392^Pu 2,000 g 0.0006 Ci 19,000 m' 24,400/ 1 pCi/L Low (2000)

(ca. 300 Ci) 6,560

'Data on quantity disposal from Maxfield (1979), Smith (1980), and Phase 1 Remedial Investigation Report for

200-BP-1 Operable Unit (DOE-RL 1993d). Plutonium converted from mass to activity according to average specific

activity for "°Pu and z"°Pu; cyanide data converted from ferrocyanide data.

°Data on plume quantity, half life, mobility, and primary,decay mode from 200 East Groundwater Aggregate Area

Management Study Report (DOE-RL 1993a).
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2.0 TREATABILITY TEST APPROACH

This chapter describes how the treatability test implemented the requirements of the 200-BP-5

Treatability Test Plan (DOE-RL 1995c). The treatability test objectives, presented in Chapter 3.0 of

the test plan, are restated in Section 2.1. Section 2.2 discusses the experimental approach and

methods used to meet these objectives. Section 2.3 provides a description of the equipment used in

the tests. The sampling and analysis program is-described in Section 2.4, and data management is

discussed in Section 2.5. Significant deviations from the test plan are discussed in Section 2.6.

2.1 TEST OBJECTIVES

2.1.1 Test Performance Objectives

Test performance objectives and DQOs are used to clarify and guide the testing process and to outline

the quality and quantity of data needed for this treatability test program. Test performance objectives

identify information needs required to evaluate the pilot-scale pump-and-treat alternatives. The DQOs

link the information requirements with the intended data uses to define the level of quality required

for the measured variables. Test objectives were prepared for the pilot-scale treatment systems and

groundwater extraction activities.

2.1.1.1 Treatment Test Performance Objectives. The primary test performance objective for the

pilot-scale treatment systems was to determine the removal efficiency that could be achieved for the

primary contaminants "'Cs, 239/240Pu, and90Sr in groundwater pumped from the B-5 Reverse Well

plume, and 'Co and B9Tc in groundwater pumped from the BY-Cribs plume. Test performance

objectives for the pilot-scale treatment system were grouped into three categories: (1) measurement

of the effectiveness of ion-exchange treatment, (2) assessment of parameters or factors influencing the

ion-exchange operation, and (3) determination of the resource needs associated with the test. Specific
objectives under each of the three categories included the following.

Effectiveness:

Determine the effectiveness of the ion-exchange system to consistently remove the
following from the groundwater: 'Co and 'Tc at the BY-Cribs system and `Cs,
23924opu at the B-5 Reverse Well system. Based on previous Hanford Site experience
and general expectations for ion-exchange technology and consistent with the Guide
for Conducting Treatability Studies Under CERCGA (EPA 1992), removal
effectiveness should be at least 90% of the influent concentration.

Identify optimum/preferred ion-exchange resin(s) for removing 'Co, °'Cs, 239n40pu,

'Sr. and 99Tc.

Assess the impact and removal of secondary contaminants (e.g., cyanide, nitrate) in
both plumes.
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Assess the impact and removal of the radionuclides of interest that may be present as

solids. Solids may contain radionuclides that will be removed by the prefilters

and/or the resin beds. Ultrafine solids may pass through both the filter and the resin

bed.

Although not an original objective of the test plan, it became important to assess the

capability of the treatment system to remove 13'Cs, Z'9/zwPu, and 90Sr at the B-5 Reverse Well

site to the MCL as defined by the Safe Drinking Water Act to enable reinjecting treated

groundwater outside the contaminant plume(s).

• Operating Parameters:

Refine operational configurations, requirements, and procedures.

Assess impacts of groundwater constituents on operational efficiency.

Assess operating parameters (e.g., flow rates, residence times, pH) to optimize
treatment efficiency.

Demonstrate operational reliability and safety of an ion-exchange-based treatment
system at a scale sufficient to allow scaleup to a full-size remedial system.

• Resource Requirements:

Develop estimates of significant cost components, including equipment and material
costs; resin contaminant exchange capacity, exhaustion rate, and cost; electrical
power and utility costs; chemical costs and use rates; process residue and secondary
waste management costs; maintenance requirements; and operator and personnel
requirements.

Refine health and safety requirements.

2.1.1.2 Contaminant Extraction Test Performance Objectives. At the time of test plan
preparation, the ability to provide the B-5 treatment system with quantities of significantly
contaminated groundwater was anticipated to be a problem. In general, the radionuclide
concentrations from groundwater monitoring that prompted rating the B-5 Reverse Well plume as a
significant hazard were not regarded as being sustainable for the life of the treatability test. This
concern resulted from the expectation that radionuclides attached to the aquifer sediment would not
reach an equilibrium condition with the groundwater at a rapid enough rate as less contaminated
groundwater was drawn through the sediments to the extraction well. This would result in sending
less contaminated water to the treatment system, making treatment a much less successful process. At
the BY-Cribs plume, the highly mobile nature of the contaminants was not thought to present a
similar problem.

Initially, contaminant extraction testing was intended to be performed only at the B-5 Reverse Well
plume and not at the BY-Cribs plume. However, when April 1994 groundwater monitoring data
showed significantly reduced concentrations of the target constituents, the requirement was applied to
the BY-Cribs system. Specific contaminant extraction test procedures and results are described in
Section 4.2.
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The primary test performance objective for the contaminant extraction portion of the treatability test

in the B-5 and BY-Cribs plumes then was to assess the potential for recovering the primary

contaminants, 137Cs, 79/2a0Pu, 90Sr, bOCo, and 99Tc, that are associated with groundwater plume. If the

contaminant recovery was satisfactory, an estimate of the long-term rate at which primary

contaminants could be extracted from the aquifer was to be developed. This primary objective

involved a number of ancillary objectives that were grouped into three categories: (1) measurement

of the effectiveness of the contaminant extraction process, (2) assessment of aquifer parameters or

operational procedures to allow optimization of the contaminant extraction process, and (3)

determination of resource needs. Specific objectives under each of the three categories included the

following.

Effectiveness:

Determine the effectiveness of contaminant recovery for the primary contaminants
from the aquifer matrix during operation of a pilot-scale pump-and-treat system
(i.e., measure the amount of material extracted from aquifer).

Operating Parameters:

Refine knowledge of aquifer hydraulic properties, primary contaminant distribution
properties, and estimates of total contaminant quantities to allow prediction of
long-term recovery effectiveness.

If needed, optimize extraction pump cycling (pumping rates, aquifer reequilibration
times, and the effect of changing extraction wells) to maximize recovery.

If testing is successful and treatment continues, develop a computer model of local
groundwater flow and primary contaminant phase transformation and transport to
estimate aquifer and geochemical parameters and predict long-term system
performance.

Resource Requirements:

Develop estimates of significant cost contributors, including electrical costs of
pumping, installation of additional wells, technical personnel time to interpret
process effectiveness, and analytical costs.

As described in Section 2.6, not all test performance objectives were met.

2.1.2 Data Quality Objectives

To ensure that data collected were sufficient to meet test objectives, appropriate DQOs were
developed.

2.1.2.1 Treatment Test Data Quality Objectives. DQOs and critical data requirements specific to
laboratory-scale and pilot-scale treatability testing are provided in Tables 2-1, 2-2, and 2-3,
respectively (tables and appendices referenced therein are based on DOE-RL 1995c). In general, data
to assess treatment effectiveness and costs were considered most critical to meet test objectives and
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required quantification through the use of quality control (QC) checks. Less critical was the

assessment of operating parameters, which were intended primarily to support design optimization.

As a result, only a qualitative engineering evaluation of operating parameters was performed.

Sampling and analytical requirements initially specified both lower level (Levels I and II) and higher

level (Levels III and V) analyses. Field screening and field analysis techniques (Levels I and 11) were

originally planned for daily monitoring requirements and measurements. However, there are no

on-line detection or field tests for radionuclides at the very low concentrations found at the two sites.

Instead, Level V analyses at the 222-S Laboratory were relied on for process control. Confirmatory

(Levels III and V) analyses were performed occasionally for critical parameters such as pre- and
post-treatment contaminant concentrations to check the 222-S Laboratory results and to analyze for

specific groundwater constituents.

2.1.2.2 Contaminant Extraction and Hydrogeologic Assessment Data Quality Objectives. Data
collected during the contaminant extraction tests performed at both sites were initially intended to
support developing a numerical model of aquifer and primary contaminant response to groundwater
removal, if successful testing favored continued operations. With changes to the program, the DQOs
for hydrogeologic assessment and groundwater monitoring in Tables 2-4, 2-5, and 2-6 were used.
Data collected during contaminant extraction tests performed at the two sites were the same as those
used to assess contaminant treatment effectiveness. Thus, they were considered critical to meet test
objectives. These data were submitted for QC checks (confirmatory sampling) by Level III or V
analyses. Specific DQOs for contaminant extraction testing at both sites are identified in Table 2-4_

The primary objectives of the hydrogeologic assessment of the two plumes were to further define the
nature and lateral extent of contamination and further define the aquifer thickness. To achieve these
primary objectives at the BY-Cribs plumes site, drilling activities proceeded in two phases. Phase I
was a limited exploratory drilling and sampling program in the vicinity of well 699-50-53A. Upon a
successful conclusion of Phase 1, Phase 2 was proposed to include installation of one extraction well,
one return well, and up to eight additional observation wells, along with necessary aquifer testing and
sampling. To avoid random well siting, a high-resolution seismic reflection survey was proposed to
provide additional information regarding the placement of wells.

Phase 1 exploratory sampling consisted of drilling up to eight borehole/probes to the bottom of the
unconfined aquifer (top of basalt) in a grid pattern around well 699-50-53A. Groundwater samples
were collected at the bottom of the borehole/probe. The two main objectives of this exploratory
program were to further define both the nature and extent of contaminants around well 699-50-53A
and the aquifer thickness. The second objective of this exploratory program was to generate data that
would guide the placement of additional observation, extraction, or return wells to support the
treatability test.

2.2 EXPERIMENTAL DESIGN AND PROCEDURE

The test performance objectives outlined in Section 2.1.1 were met at each plume by conducting the
following tests: a preliminary laboratory test suite to identify the most appropriate resins, a
pilot-scale test of an ion-exchange-based treatment system, and field-based bench-scale testing of
adsorbents. The laboratory and field bench-scale testing typically consisted of batch equilibrium and
small-scale flow-through (mini-column) tests. The pilot-scale tests are large-scale flow-through
column tests that are used to determine treatment system effectiveness, define parameters necessary

RL9559. W51 /A2 2-4



DOE/RL-95-59
Rev. 0

for system optimization, and provide information about resource needs and costs for operating

adsorbent-based (e.g., ion exchange) treatment systems on the Hanford Site. They are normally used

to test a proposed design and only after all test variables and treatment alternatives have been worked

out by laboratory tests. Table 2-3 summarizes the approach used to meet the test performance

objectives for the pilot-scale treatment systems.

Pre-treatment laboratory studies, including batch equilibrium and mini-column tests, designated as
resin selection tests, were performed at the IT Corporation's Knoxville, Tennessee, Technology
Development Laboratory (TDL). Based on those tests, clinoptilolite, a natural zeolite, was selected
for13'Cs and 'Sr removal at the B-5 Reverse Well pilot-scale test and bone char was selected for
plutonium removal. Section 2.2.3.1 discusses those tests and procedures, and results are described in
Chapter 3.0. At the BY-Cribs site, Dowex 21K was identified for 'Co and 'Tc removal and was
evaluated in both mini-column tests and in the pilot-scale system.

Extensive field-based laboratory-scale tests were conducted at both sites. At the B-5 Reverse Well,
batch equilibrium tests were used to help select a specific adsorbent(s) for removal of target
contaminants. Batch equilibrium tests for the BY-Cribs site were not conducted because previous
experience at the 200-UP-1 treatment system (DOE-RL 1995a) indicated that Dowex 21K would
successfully remove the target contaminants ('Tc). Small-scale flow-through (mini-column) tests
were conducted at both sites to provide additional data to supplement the data obtained from
pilot-scale treatment system in order to more fully determine the treatment effectiveness of the
treatment systems.

2.2.1 Pilot-Scale Tests

The pilot-scale treatment systems were operated to (1) collect data necessary to demonstrate treatment
system effectiveness and define the operating parameters necessary for system optimization in the
design of systems for a potential IRM Proposed Plan and (2) determine resource needs and costs for
operating an adsorbent/ion-exchange groundwater treatment system at the Hanford Site.

Treatment system effectiveness is determined by comparing the influent versus the effluent
concentrations of contaminants of concern, then determining the percent removal of the contaminants.

Percent Contaminant Removal = Concentration In - Concentration Out x 100
Concentration In

By plotting the removal efficiencies for the various sampling points versus the volumes of water
treated, a graphical representation of system performance, called a breakthrough curve, can be
developed. Volume of water treated is commonly reported as bed volumes (BVs), which is equal to
the volume of resin in a column, without regard to porosity.

The removal efficiency is commonly calculated for both the lead column and total system and
graphed. When the removal efficiency drops below a specified level for a column (90% for the
200-BP-5 systems), the system is said to have reached breakthrough. At this point, the polishing
column then is relied on to remove the target contaminant to agreed-to levels, such as MCLs.
Typically, the system is run until the first column has reached 90% to 100% saturation, which
provides input into the cost of adsorbent for future treatment. If the effluent from the polishing
column has also begun to exceed established standards, either another column needs to be added to
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the system or changeout of the adsorbent in the first column needs to occur before it reaches

saturation.

Groundwater parameters were also monitored to determine whether they might impact removal

efficiencies, in case the treatment system removal efficiencies were not as expected. In some cases,

interfering ions may competitively load on the adsorbent(s), thereby shortening adsorbent life or
reducing removal of the primary contaminants of concern and the ability to achieve a high-quality

effluent. Parameters that were monitored included anions (Cl, F, NO3, and SO4), cations (calcium,

iron, magnesium, potassium, sodium, and zinc), and alkalinity. In addition, the operating parameters

that were monitored included flow rate and totalized flow, pH, temperature, pressure, dissolved
oxygen, and turbidity. Residence/contact time is also an important factor that relates to flow rate.

Resource requirements for the pilot-scale tests were tracked and accounted for by the following

categories. Some overlap between the categories exists and accounts for the differences between the
sum of costs versus the budget. There is insufficient detail to break out the overlaps.

• Engineering/Design/Construction: Design and construction expenditures included labor
and materials for design, well evaluation and remediation, procured equipment, fabrication.
construction and construction supplies, and mobilization. Much of the construction work
and site preparation was performed by other onsite contractors.

• Operations: Operations expenditures included labor and material costs for operation of the
pilot-scale treatment systems. Items in this category included preparation of operating
documents, site preparations, operations personnel, site health and safety monitoring, field
supervision, and radiation monitoring. Operating materials included ion-exchange
adsorbents, fuel, operating supplies, and safety equipment and support facilities (trailers,
office equipment, etc.). In addition, field bench-scale testing is considered here.

• Analytical Support for Operations: Analytical support expenditures included analytical
costs for both onsite and offsite laboratories. Analytical costs for process control, field
bench-scale tests, waste classification, and groundwater are reported here.

• Waste Management: Waste management expenditures included costs for waste management
and waste management plan preparation, disposal of regulated and nonregulated wastes, and
costs for waste storage supplies and containers (drums, plastic liners, and materials).

• Maintenance and System Standby: Maintenance expenditures included equipment
calibrations, equipment repair and replacement, well maintenance, and maintenance
management. In addition, tank cleanout and winterization activities are also considered here.

• Project Management: Project management expenditures included labor and material costs
associated with project oversight and support, preparation of regulatory and planning
documents, safety assessments, and cost account management and support.

• Project Support: Technical labor and associated costs are tracked here in support of all
phases of treatability testing. Exempt labor is the dominant expense item.

Other costs included are subcontractor support charges, general site services, indirects and
overheads, and other miscellaneous costs not associated with the above categories,
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• Groundwater Characterization: Groundwater characterization activities including drilling,
groundwater sampling, and hydrologic testing are considered here. Subheadings include
labor and material subcontracts and sampling analytical costs.

2.2.1.1 Treatment System Operation. The two pilot-scale treatment systems were designed
according to nearly identical process flowsheets, except that the B-5 Reverse Well treatment system
required two different adsorbents for the three contaminants. Process flow diagrams for the treatment
systems are provided in Appendix A. The physical arrangement differed from the design in the
treatability test plan because of the proximity of extraction and return wells to the treatment systems.
Only one adsorbent for removal of the cobalt and technetium was required for the BY-Cribs treatment
system.

Each system consisted of an extraction well, a 31,000-L (8,200-gal) influent storage tank, a
skid-mounted influent pumping station (with filtration), a skid-mounted adsorbent/ion-exchange
treatment system, a 31,000-L (8,200-gal) effluent storage tank, a skid-mounted effluent pumping
station (with filtration), and a return well. The extraction systems were designed to operate 24 h/day
to fill the influent storage tank and were provided with both automatic level-sensing shutoff switches
and overflow return lines back to the extraction wells. The treatment systems' design processing rates
of 95 to 189 L/min (25 to 50 gal/min) were chosen because it was a good size from which to scale-up
a larger system and because it would provide appropriate cost data. The systems were typically
operated only during day shift to process the water accumulated in the influent storage tank. Smaller
systems were considered for both sites but lacked sufficient capacity for efficient use at other potential
treatment sites. A granular activated carbon (GAC) adsorber was added to each system after the ion-
exchange system to remove organic constituents suspected to have originated in the storage tanks (see
Section 2.6.3.1). Each system used a programmable logic controller and annunciator panels for
monitoring system status and safety interlocks.

• B-5 Reverse Well Site: Groundwater was pumped from well 299-E28-23 to the 31,000-L
(8,200-gal) influent storage tank. The well was capable of producing at least 132 L/min
(35 gal/min), but the well pump was capable of delivering only 106 L/min (28 gal/min).
Groundwater was pumped from the influent storage tank via the influent pumping station
through filters to the ion-exchange treatment system. The treatment system consisted of four
downflow columns: three were used as cation adsorber columns for removal of primary
contaminants and the fourth for the GAC. Filtered groundwater was pumped to the first
column containing bone char for plutonium removal; to the second column containing
clinoptilolite for "'Cs and 'Sr removal; then to the third column containing 50%
clinoptilolite and 50% bone char as a backup polishing column for all contaminants. The
three columns were filled with 1.7 mZ (18 ft) of adsorbent, which resulted in a contact time
of 5.4 min and a hydraulic surface loading rate of 1.9 L/min/m2 (5.4 gal/min/ft2) in each
column at a flow rate of 95 L/min (25 gal/min). (Bed volume is defined as the volume of
adsorbent, 18 ft'; contact time is the bed volume divided by volumetric flow rate.) Treated
groundwater was transferred to the 31,000-L (8,200-gal) effluent storage tank. The effluent
pumping station consisted of a set of pumps and a set of filters to filter the treated water
before disposal via the return well.

After processing approximately 4,000 BVs at the B-5 Reverse Well, the clinoptilolite column
and the clinoptilolite-bone char column media were changed. The initial run was designated
as "Run 1." Both columns were recharged with clinoptilolite, and the flow was reduced to
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56.8 L/min (15 gal/min) to provide a contact time of 8 minutes for another run, designated
as "Run 2."

• BY-Cribs Site: Groundwater was pumped from well 699-50-53A to the 31,000-L
(8,200-gal) influent storage tank. Because the aquifer at the BY-Cribs site is so thin, well
699-50-53A was only capable of producing 3 to 4 gal/min. Groundwater was pumped from
the influent storage tank via the influent pumping station through filters to the ion-exchange
treatmentsystem. The ion-exchange treatment system consisted of three downflow columns:
two were used as ion-exchange columns and the third was used as a GAC column. Both
ion-exchange columns used Dowex 21K for the removal of 'Co and 'Tc. The ion-exchange
columns were filled with 16 ft' of Dowex 21K, which resulted in a 5-minute contact at
95 L/min (25 gal/min).

Treated groundwater was transferred from the ion-exchange treatment system to the
31,000-L (8,200-gal) effluent storage tank. The effluent pumping station consisted of a set
of pumps and a set of filters to remove particulates before disposal to the return well.

2.2.2 Laboratory-Scale Tests

Laboratory-scale tests were conducted to evaluate the performance of adsorbents that were selected for
the B-5 Reverse Well and the BY-Cribs pilot-scale systems. Candidate adsorbents were selected
based on experience and a review of the chemistry of groundwater constituents. Data were generated
by both batch equilibrium and small-scale flow-through (mini-column) tests. In addition, because the
pilot-scale treatment systems would not be run long enough to reach saturation of the media, the
mini-column tests would provide supplemental data to satisfactorily determine treatment effectiveness
and adsorbent loading data (see Section 2.6.4).

Three different groups of batch equilibrium tests were conducted at the B-5 Reverse Well site,
primarily to evaluate adsorbents for strontium removal. The resin selection tests were performed by
the IT Corporation on groundwater shipped to the IT Laboratory in Knoxville, Tennessee. These
tests are described in Section 2.2.3.1, 2.2.3.2, and the results are presented in Chapter 3.0. The
remaining two groups of tests were conducted at the Hanford Site for the B-5 Reverse Well site and
were performed according to the Workplan and Procedures for Bench-Scale Testing of Potential
Adsorbents for the 200-BP-5 Groundwater Operable Unit (BHI 1995e). The laboratory-scale tests
conducted at the Hanford Site are designated as batch equilibrium tests.

Batch equilibrium tests can be of two types; both involve placing a known amount of adsorbent into a
known volume of groundwater. One type determines the Ko, or adsorption, of an adsorbent. The K,
is a single-point expression of the equilibrium, or maximum capacity of an adsorbent for a particular
contaminant, expressed in grams of contaminant removed or adsorbed/grams of adsorbent. The Kd is
represented as follows:

Kd (mL/g) = Contaminant Mass/g of Adsorbent
Contaminant Mass/mL of Solution

The test uses a single dose of adsorbent that is allowed to equilibrate in the solution for 24 h. It may
be repeated several times and at various conditions of temperature and/or pH of the solution.
Statistical techniques are applied to the data to arrive at a significant K, value.
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An adsorption isotherm test is a version of the batch equilibrium test in which several different

amounts of adsorbent are allowed to equilibrate at a constant temperature, hence, the term isotherm.

In both cases, the residual solution is sampled (filtered if not clear) for the contaminants of interest,

and then the amount of contaminant loaded/adsorbed on the adsorbent is calculated. The K. yields a

single value. The numerous values of an adsorption isotherm test provide several data points that

may be plotted, as isotherms (amount of contaminant removed per gram of adsorbent versus the

residual concentration from each dose batch). The slope of the isotherm plots and comparison of the

adsorbent dose versus amount of contaminant removed provides an indication of the potential capacity

and kinetics of the adsorbent and the ability to meet a specific effluent discharge requirement.

Lastly, small-scale flow-through mini-column tests were conducted to evaluate the adsorbents in

dynamic flow conditions similar to the pilot-scale systems to obtain loading data similar to those
obtained in the pilot-scale tests.

Flow-through mini-column tests provide dynamic testing of adsorbents that have been selected or
screened by the batch equilibrium tests previously described. Mini-column tests provide additional

data regarding the performance of a particular adsorbent in a flow-through column operation. By
adjusting test conditions (flow, pH, column size) the loading data obtained provide a better definition

of loading capacity, breakthrough characteristics, and kinetics of an adsorbent than that obtained from
batch equilibrium tests. Ideally, the adsorbent in flow-through column tests is run to saturation, and
samples of the adsorbent are removed to elute the contaminant and perform a mass balance to obtain
the ultimate capacity of the adsorbent for the contaminants. Because of schedule constraints, this was
not done in the mini-column tests, but adsorbent samples were analyzed from the pilot-scale system.

These tests collectively provide the following:

• An optimum adsorbent for the site-specific conditions and contaminants of interest at the
200-BP-5 treatability test sites

• The volume of groundwater that may be processed by a given amount of adsorbent

• The loading capacities of the adsorbent(s), in milligrams per gram (picocuries per gram),
thus providing adsorbent volume requirements

• The ability of an adsorbent to achieve a certain quality of effluent.

In the course of treatability test at the B-5 Reverse Well site, it became apparent that90Sr removal by
clinoptilolite was not effective at the residence times being used. The failure to remove 'Sr was
attributed to its trace concentration in the groundwater. The extremely low concentrations were
insufficient to establish a kinetic driving force to remove the 'Sr. The maximum 'Sr influent
concentration reported for the treatability tests, 6,410 pCi/L, is equivalent to 4.5 x 105 ppb.
Likewise, the maximum concentrations for 239n4°Pu (45 pCi/L) and `Cs (1,820 pCi/L) are equivalent
to 7.3 x 105 ppb and 2.1 x 105 ppb, respectively.

A technique known as isotopic dilution or spiking was investigated as a means of improving ISr
removal. The addition of nonradioactive strontium, in the form SrCl2, was proposed as a means of
increasing the driving force to the clinoptilolite. An addition of a quantity of SrC12 sufficient to
increase total strontium to 2 ppm was tested in field batch-equilibrium and mini-column tests. Results
are presented in Section 3.2.2.1.
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2.2.2.1 Resin Selection Tests. Samples of groundwater from the prospective extraction wells in the
BY-Cribs and B-5 Reverse Well plumes were tested.The test program consisted of the following:

Homogeneity/characterization analyses
Batch equilibrium test for screening of ion-exchange media and adsorbents
Column tests for process confirmation.

The homogeneity analyses were performed to ensure that the groundwater in each sample container
was similar in contaminant concentration.

The groundwater from the B-5 Reverse Well plume (well 299-E28-33) contained representative
concentrations of the radionuclides "'Cs, 239'24OPu, and 'Sr. Batch equilibrium and column studies
were performed on this sample. IRC-718 (a chelating ion-exchange resin) (registered trademark of
Rohm and Haas, Philadelphia, Pennsylvania), clinoptilolite (a natural zeolite mineral), and bone char
were tested.

The groundwater from the BY-Cribs plume (well 699-50-53A) contained representative concentrations
of the radionuclides 'Co and 9Tc as well as cyanide and nitrates. Batch equilibrium studies were
performed on the groundwater sample to evaluate the removal of 'Tc and to determine whether the
cobalt was in a cyanide complex. Two anion-exchange resins, Dowex 21 and Reillex HPQ
(registered trademark of Reilly Industries, Indianapolis, Indiana), were tested. Column tests were not
run.

2.2.2.2 Batch Equilibrium Tests. Because of previous work at the 200-UP-1 Operable Unit using
Dowex 21K for technetium removal, no batch equilibrium tests were performed for the BY-Cribs site.
Two groups of batch equilibrium tests were conducted for the B-5 Reverse Well system. The purpose
of the first group of B-5 batch tests was to reevaluate different adsorbents for their ability to reduce
the levels of cesium, plutonium, and strontium. In the second group of tests, the purpose was to
further evaluate clinoptilolite for enhanced strontium removal. Other resins were considered for the
second batch equilibrium tests, but the generally good removal efficiency of clinoptilolite coupled
with its great economy favored focusing attention on improving its performance.

Batch equilibrium tests were performed by weighing gram amounts of adsorbent that were added to
known volumes of groundwater to give varying gram/liter doses. The different amounts of adsorbent
were added to filtered groundwater samples taken from the pilot-scale system and stirred for 24 h to
equilibrate. The solution was allowed to settle and then sampled and analyzed for "'Cs, =391240Pu, and
'Sr in the first group of batch tests. Strontium-90 and total strontium were the only analytes in the
second group of tests. pH measurements were taken before the adsorbent was added to the
groundwater and again at the conclusion of the test. The first group of Hanford Site batch
equilibrium tests used 0.4-, 4.0-, and 20.0-g/L doses of different adsorbents and varying doses of
nonradioactive strontium chloride (SrC12) (0.2, 2, and 5 ppm, as strontium) added to increase the total
strontium concentrations. The second group of batch equilibrium tests used 0.2-, 2.0-, and 20.0-g/L
adsorbent doses.

Adsorbents evaluated in the first group of onsite batch equilibrium tests are as follows. Data sheets
for the adsorbents are given in Appendix B.

Bone Char: An absorbent made from cattle bones that have been activated as is activated
carbon (Tate & Lyle, Greenock, Scotland: Tigg Corp., Pittsburgh, Pennsylvania)
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• Clinoptilolite: A natural zeolite (American Resource Corp., Greenbrae, California)

• Durasil 230: An inorganic oxide-based cation ion-exchange media (registered trademark of
GTS Duratek, Inc., Columbia, Maryland)

• IRC-718: A chelating resin (Rohm & Haas, Philadelphia, Pennsylvania)

• UOP A-51: A synthetic zeolite/molecular sieve (registered trademark of UOP Molecular
Sieve Adsorbents, Mt. Laurel, New Jersey)

• UOP E-95: A synthetic zeolite/molecular sieve (registered trademark of UOP Molecular
Sieve Adsorbents, Mt. Laurel, New Jersey).

Clinoptilolite was the only adsorbent evaluated in the second group of batch equilibrium tests. In
addition, the Phipps & Bird Jar Test (registered trademark of Phipps & Bird, Richmond, Virginia)
apparatus was the only device used for stirring the solution.

The second group of batch equilibrium tests consisted of the following:

• Test I evaluated the effect of pH on adsorption. Two batch tests (in duplicate) were run,
one at the normal pH of the groundwater (Test la) and one at a lower pH (Test lb). The
pH was lowered by two points (from 8.3 to 6.3) with hydrochloric acid to evaluate whether
pH had an effect on adsorption. Clinoptilolite doses of 0.2, 2.0, and 20.0 g/L were added
to 1,000 mL of groundwater; no SrCl2 was added.

• Test 2 evaluated longer contact times and the addition of SrCl2 after the initial contact. In
Test 2a, four batch tests were run at clinoptilolite doses of 2.0 and 20.0 g/L. Duplicates of
the 2.0-g/L (at normal pH) and 20.0-g/L (at lower pH) dose from the first test were also run
in this test. In Test 2b, after the initial 24-h contact of Test 2a and after sampling, the
residual solutions were combined, and fresh clinoptilolite doses of 2.0 and 20.0 g/L were
added together with 165 ppb of SrCl2 (165 ppb as strontium).

2.2.2.3 Flow-Through Column Tests (Mini-Columns). Flow-through column tests were conducted
at different contact times, nominally 5 and 12 minutes, to evaluate the kinetics (rate of uptake), the
effect of various flow rates (synonymous with contact times), and the shape of the breakthrough
curve. Five mini-column tests in two groups were performed at the B-5 Reverse Well site, and two
mini-column tests were performed at the BY-Cribs site to obtain the loading data described above.
Dowex 21K was the adsorbent tested in the mini-columns at the BY-Cribs. The data sheet for
Dowex 21K is presented in Appendix B. The adsorbents tested at the B-5 Reverse Well included
bone char, clinoptilolite, and UOP A-51.

At the B-5 Reverse Well, two groups of mini-column tests were conducted, coincident with the two
runs of the B-5 pilot-scale test. The first group consisted of two sets of columns using a bone char
column followed by two clinoptilolite columns in a series flow arrangement (i.e., bone
char-clinoptilolite-clinoptilolite) that simulated the pilot-scale system. Both sets of columns were run
at the same contact time as the pilot-scale treatment system (5 to 6 minutes). The first set of columns
(MCT-1) was run to duplicate Run I of the pilot-scale system. In the second set (MCT-2), SrCli was
added to each of the clinoptilolite columns to evaluate a strontium spike addition as a method for
enhancing 'Sr removal, but all other conditions duplicated the first set (and the pilot-scale system).
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The second group of tests was conducted after the pilot-scale system's first run was terminated and

the resin replaced for Run 2. Test MCT-1 was continued under the same designation and at the same

5- to 6-minute contact time, as the lead column had not reached saturation for 'Sr or breakthrough of
`Cs. The second test, designated "2MCT-2," consisted of one bone char column followed by two
clinoptilolite columns, run at a 12-minute contact time. The third test (2MCT-3) consisted of a bone
char column followed by a clinoptilolite column followed by a UOP-51 column and was run at a
12-minute contact time. Table 2-7 defines the test parameters/conditions with regard to test number
(i.e., 2MCT-3 consisted of bone char, clinoptilolite, and UOP A-51 resins with a 12-minute contact
time.

At the BY-Cribs site, two mini-column tests were conducted, each consisting of two mini-columns
filled with Dowex 21K and each run at a nominal 5-minute contact time to duplicate the pilot-scale
system. The purpose of these tests was to obtain supplemental loading and breakthrough data because
it was assumed that the BY-Cribs pilot-scale test would conclude before reaching breakthrough. For
these tests, a storage tank was filled with prefiltered groundwater from the pilot-scale system that fed
the mini-columns (Figure 2-1). The treated effluent was collected in an effluent storage tank and
returned batch-wise to the pilot-scale treatment system.

For both sites, those mini-column tests were run until the effluent concentrations from the lead
column at each site were 30% to 50% of the feed concentration (breakthrough). After breakthrough
the lead columns were run to saturation monitoring 90Sr at the B-5 Reverse Well site and 99Tc at the
BY-Cribs site at increased sampling frequencies to provide data for plotting the breakthrough curve-
To determine each treatment system's removal effectiveness for the other contaminants, 'Co, "'Cs,
and 239'240Pu concentrations were monitored periodically at the respective sites.

The mini-columns at the B-5 Reverse Well site were operated and sampled in accordance with the
Workplan and Procedures for Bench-Scale Testing of Potential Adsorbents for the 200-BP-5
Groundwater Operable Unit (BHI 1995e). The mini-columns were operated and sampled at the
BY-Cribs site according to the Workplan and Procedures for Bench-Scale Testing for the 200-BP-5,
Unit #2 Groundwater Operable Unit (BHI 1995d).

2.2.3 Groundwater Monitoring/Hydrogeologic Assessment Activities

Groundwater monitoring activities, including water-level measurements and groundwater sampling,
were conducted to assess hydrologic impacts and the contaminant response to pumping on the local
aquifer system. Sample collection and water-level measurements were performed in accordance with
BHI-EE-01, Environmental Investigation Procedures (BHI 1994). At the B-5 Reverse Well site,
water-level pressure transducers connected to a remote datalogger recorded water-level fluctuations in
wells 299-E28-7, 299-E28-23, 299-E28-24, and 299-E28-25. Water levels were typically recorded
every 60 minutes during periods of normal operation. Water-level measurements were collected at
shorter time intervals during the period of system startup and continuous operation. Water levels
were also measured with steel tapes in selected wells in the vicinity of the test to support
characterization of groundwater flow.

At the BY-Cribs plume site, water-level pressure transducers were installed in both the extraction well
699-50-53A and the adjacent well 699-50-53B, which monitors the upper confined aquifer. Because
of the distance between the injection and the return wells, a separate water-level data logging system
was used to monitor the return well (699-49-55A) and the upper confined monitoring well
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699-49-55B. Water levels were also measured with steel tapes in selected wells in the vicinity of the
BY-Cribs site to support characterization of groundwater flow.

Groundwater samples were collected before the treatability test to baseline the concentration of
contaminant in the groundwater. Baseline samples were then analyzed at an offsite laboratory.
Groundwater samples were also collected at regular intervals during the operation to determine the
concentrations of the contaminants of concern. Samples were collected at the wellhead to serve as
time-specific representations of the groundwater quality. These samples were analyzed with the
process samples at the 222-S Laboratory. Samples were collected for Level V confirmatory analyses
before the start of the process operations and near the end of the operating cycle.

Additional hydrogeologic assessment activities were conducted at both sites. Details of these
activities are presented in Section 4.4.

2.3 EQUIPMENT AND MATERIALS

Major components of testing equipment and materials are described in the following sections.

2.3.1 Pilot-Scale Tests

The major pilot-scale treatment system components, such as pumps/filters and treatment vessels, were
mounted on skids for ease of transportation to each test site. Each treatment system consisted of an
extraction well, an influent storage tank, an influent pumping station, an ion-exchange treatment
system, an effluent storage tank, an effluent pumping station, and a groundwater return well to
dispose of treated groundwater (Figures 2-2 and 2-3). High-pressure hoses with quick-disconnect
fittings were used to connect the components and to transfer the groundwater through the system.
The following sections discuss the pilot-scale system in more detail.

Power for the well pumps, process pumps, and other equipment requirements was furnished by
portable diesel-powered generators. A process water tank filled with raw water was used for
backwashing requirements, and bottled water was used for sanitary water requirements. Trailers were
provided for field test personnel. Tents provided protection for the treatment system from weather.
Parts were stored in onsite CONEX boxes.

2.3.1.1 Extraction Wells. The extraction wells were fitted with 480-V, three-phase submersible
pumps. At the B-5 Reverse Well site a 3-hp pump was used, and at the BY-Cribs site a I 1/2-hp
pump was used. The pumping rate from the well was monitored by a paddle-type flowmeter with
remote indication. The groundwater was monitored for temperature, pH, dissolved oxygen, and
turbidity. A carbon steel manifold was mounted to a flange welded to the extraction well casing, and
an air release valve was mounted in the manifold to vent air back into the well casing until
groundwater flow was established. A low-level interlock was installed in the extraction well to shut
off the well pump on low level.
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2.3.1.2 Storage Tanks. To store the influent and treated effluent, 31,000-L (8,200-gal) storage
tanks were used. The tanks were fitted with level indicators and control interlocks to shut off the
following pumps:

• The well pump on high level in the influent tank

• The feed pump(s) to the treatment system on influent tank low level and effluent tank high
level

• The effluent pumps on effluent tank low level or disposal well high level.

The tanks were also fitted with a clear polyvinyl chloride sight gauges as backup for the level
indicators. The sight gauge was also used to perform pump flow calibrations by measuring the rate
of rise. In addition to the level interlocks, each tank used secondary overflow control involving the
installation of overflow piping back to either the extraction or disposal well, as appropriate.

2.3.1.3 Influent Pumping Station. The skid-mounted influent pumping station was used to transfer
groundwater from the influent storage tank through prefilters, through the ion-exchange treatment
system, and into the effluent storage tank. The influent pumping station consisted of two centrifugal
pumps, a filter system, a pipe manifold connecting the pumps and filter system together, and a locally
mounted control panel. One pump was operated at a time; the other was redundant. The pumping
station included a flow meter to measure the instantaneous flow rate and provide totalized volume of
water treated. The flow rate was manually adjusted. Flowswitch interlocks were used to protect the
pumps from loss of flow, and differential pressure instrumentation was used to indicate differential
pressure across the filters. Flowswitches were also used to monitor breaching of the hoses and were
interlocked to stop the pumps and thus mitigate potential spills. Valving and quick-disconnect fittings
for an air hose were available to blow down the system from several locations in the piping.

The filter system was used to remove suspended solids from the groundwater before the
adsorbent/ion-exchange treatment system. The filter system used polypropylene bag filters with 2.5
to 5-µm rating housed in a stainless steel housing with a basket filter support. Four filters were
manifolded together with individual valves on the inlets and outlets such that one or all four filters
could be online.

2.3.1.4 Process Treatment System. The treatment system consisted of fiberglass adsorbent/ion-
exchange columns that were 76 cm (30 in.) diameter by 183 cm (72 in.) high, each having a volume
of 0.74 m' (26 ft') (738 L or 195 gal). The B-5 Reverse Well system used three ion-exchange
columns, and the BY-Cribs system used two ion-exchange columns. The B-5 Reverse Well system
consisted of a bone char column followed by a clinoptilolite column followed by a mixed bed column
of bone char and clinoptilolite, in series flow. The BY-Cribs system consisted of two columns with
Dowex 21K resin, in series flow. A GAC column was added to each treatment system shortly after
startup to remove trace organic constituents found in the used 31,000-L (8,200-gal) tanks. The GAC
columns were added to the end of each treatment train. The adsorbent/ion-exchange system(s) was
plumbed to allow for series or parallel flow but operated only in series flow. Hoses connected the
influent pumping station to the process treatment system. Two stainless steel process manifolds were
used for mounting instrumentation and were located next to the ion-exchange columns. The inlet
manifold contained instruments for monitoring process pH, flow, and pressure before the
adsorbent/ion-exchange columns. Differential pressure transmitters were used to monitor the pressure
drop across each adsorbent/ion-exchange column. After passing through the adsorbent/ion-exchange
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columns, the groundwater went through the second stainless steel pipe manifold mounted beneath the
inlet manifold to monitor the outlet pH. The treated groundwater exited the outlet manifold through a
5-cm (2-in.) high-pressure hose to the effluent tank(s).

2.3.1.5 Effluent Pumping Station. The effluent pumping station was used to pump treated water
from the effluent storage tank through a set of cartridge filters to the disposal well through a 2-in.
hose. The effluent pumping station was fabricated similar to the influent pumping station, except the
centrifugal pumps required less head to deliver the flow to the well, and the effluent filters were
cartridge type. A flowswitch located in the pump suction piping was interlocked to stop the pump on
loss of flow. Differential pressure transmitters monitored the differential pressure across the filters,
and a dissolved oxygen analyzer and a thermocouple with a temperature indicator monitored the
treated water discharged to the disposal well.

2.3.1.6 Disposal Well. A flange was welded to the protective casing of the disposal well to mount
the disposal manifold, like the extraction well. An air release valve was also used to vent air. The
turbidity of the treated water was monitored. A level probe was installed in the disposal well and
interlocked to shut off the effluent pump on high level.

2.3.2 Laboratory-Scale Tests

Laboratory-scale tests consisted of resin selection tests, batch equilibrium tests, and small-scale
flow-through tests (mini-column tests).

2.3.2.1 Resin Selection Tests. Before initiation of laboratory-scale tests, the groundwater samples
received by the TDL from the Hanford Site were tested for homogeneity and characterization.
Samples were submitted to Quanterra Laboratory in St. Louis, Missouri, for initial characterization
analysis. Resin selection tests consisted of batch equilibrium and small-scale flow-through tests.

Batch equilibrium tests were performed by weighing gram (±0.001 g) quantities of different ion-
exchange media/adsorbents into 2,000-mL polyethylene bottles. Resin/adsorbent doses were typically
0.2, 0.5, 2.0, and 20.0 g/L of groundwater. Two thousand grams of groundwater was added to each
bottle. The bottles were then sealed and agitated by shaker table or magnetic stirrer for 24 h. When
the studies were complete, the processed groundwater was decanted or filtered from the ion-exchange
medium/adsorbent. The liquid was aliquoted and sent to the Quanterra Laboratory in Richland,
Washington, for analysis. Some of the liquid was also used to perform in-house analyses for
preliminary results.

The small-column test used a 1.3-cm- (0.5-in.) diameter glass column fed by a variable-speed tubing
pump. The column was packed with 20 mL of clinoptilolite and backwashed with approximately 13
BV of deionized water until the deionized water coming off the top of the column was clear. The
column was then allowed to repack before the feed, at 3 mL/min, was introduced downflow to the
column. The duration of the column study was 1,000 By. During the run, grab and composite
samples were taken for analysis to determine effluent quality. These samples were analyzed for total
strontium.

2.3.2.2 Batch Equilibrium Tests. The Hanford Site batch equilibrium tests were performed by
weighing gram (±0.01) quantities of adsorbent into 1-L glass beakers. Next, 750 mL of sample
groundwater was added to the beakers used in the first test group and 1,000 mL was added to the
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beakers used in the second test group. The test samples were then stirred in a Phipps & Bird Jar Test
device or a toxic characteristic leach procedure (TCLP) tumbler for 24 h. After 24 h, the stirrers
were stopped and the contents allowed to settle. The supernatant was filtered via a I-µm filter,
sampled, and analyzed for the specific contaminants of interest. Because of the low concentrations of
the radionuclides in the residual liquid, a large volume (750 to 1,000 mL) of sample was required to
obtain an adequate analysis. The feed was filtered groundwater from the pilot-scale treatment system
just before the first adsorbent/ion-exchange column. The feed was drawn into a 757-L (200-gal)
polyethylene storage tank for dissemination to the test containers.

2.3.2.3 Mini-Column Tests. The mini-column test apparatus at each site consisted of a 200-gal
influent feed storage tank, a 1-µm prefilter, two (BY-Cribs site) or three (B-5 Reverse Well site)
2.54-cm- (1-in.) diameter by 1.52-m- (60-in.) long glass columns, and a 757-L (200-gal) effluent
collection/storage tank (see Figure 2-1). The filter, columns, pumps, and other components were
connected with plastic tubing and tubing fittings. Variable-speed tubing pumps were used to provide
flow of groundwater through the columns. Teflon three-way valves were installed in the plastic
tubing to provide sampling valves at the inlets and outlets of each column. A pressure gauge was
installed in the inlet to the first column of each test setup to monitor backpressure of the system and
indicate the potential for plugging. The columns were mounted to a fabricated wood structure with
laboratory hardware and clamps.

The columns were constructed of heavy wall glass with ground spherical ball joint ends. Glass
spherical ball joint (ground joint) adapters were fitted to both ends to allow installation of stainless
steel tubing with which to connect the plastic tubing. High-vacuum silicone grease was used to seal
the spherical ball joint adapters to the glass column ends. A support media was installed in the
bottom of the columns over which 5 to 8 cm (2 to 3 in.) of 3-mm-diameter glass beads were placed.
The adsorbent was added from the top to a depth of approximately 91 cm (36 in.) (bed volume
-460 mL).

2.3.3 Groundwater Monitoring

Continuous water-level measurements were made by installing an in situ water-level transducer in
selected monitoring wells Each transducer was lowered to a predetermined level (top of pump in
extraction wells and 0.30 to 0.61 m(1 to 2 ft) below static water level in injection and observation
wells) and secured to the top of the wellhead. The transducers were then connected via signal cable
to a central datalogger, which recorded and stored water-level readings at programmed levels. Data
were downloaded to a lap-top computer every 2 weeks via an RS-232 port and brought into the office
for analysis.

Groundwater samples were collected at a sampling valve on the pump column immediately adjacent to
the wellhead. The valve and sampling port were purged before collection to ensure that
representative sampling was obtained.

2.4 SAMPLING AND ANALYSIS

Sampling and analysis were performed in accordance with the Pilot-Scale Treatability Test Plan for
the 200-BP-5 Operable Unit (DOE-RL 1995c), the Workplan and Procedures for Bench-Scale Testing
for the 200-BP-5, Unit #2 Groundwater Operable Unit (BHI 1995d), the Workplan and Procedures
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for Bench-Scale Testing of Potential Absorbents for the 200-BP- Groundwater Operable Unit
(BHI 1995e), the Environmental Investigation Procedures (BHI 1994) noted below, and the existing
IT TDL procedures. Analyses were performed at the 222-S Laboratory in the 200 Areas of the
Hanford Site and at the Quanterra Laboratories in Richland, Washington and St. Louis, Missouri, in
accordance with laboratory procedures.

2.4.1 Pilot-Scale Treatment System

Pilot-scale treatment system sampling and analysis focused on providing data to demonstrate treatment
system effectiveness and to monitor the impacts, if any, of normal groundwater constituents
(i.e., anions and cations) on the effectiveness of the treatment system.

Sample valve arrangements had been provided at appropriate locations during construction of the
treatment system to allow sampling during system operation (see Figure 2-2 for locations). Before
samples were taken, the sample valves and tubing were purged to ensure that a representative sample
was obtained. Purgewater was collected and recycled back into the influent storage tank for
reprocessing. Treatment system effectiveness was determined by sampling the influent and effluent
and calculating the overall removal efficiency as shown in Section 2.2.3.1. In addition, samples were
taken of the inlet and outlet of the prefilters and the first ion-exchange column to determine solids
removal efficiency and to monitor breakthrough of the lead adsorbent/ion-exchange column.

Samples were generally taken every other day when processing and were analyzed at the
222-S Laboratory for `Cs, 2391240Pu, and 90Sr at the B-5 Reverse Well site and "'Co and yBTc at the
BY-Cribs site. After the adsorbent was changed, more emphasis was placed on monitoring for 'Sr
because of the interest in getting the effluent to the MCL of 8 pCi/L. Moreover, as a cost reduction
measure at the BY-Cribs site, the sampling frequency was altered to a rotating frequency of three
samples every other day from five possible locations.

Periodically, duplicate samples were sent to an offsite laboratory for a QC check of the analysis. In
addition, samples were taken periodically from the treatment system to monitor typical groundwater
parameters through the treatment system to determine whether any particular ion was being
preferentially removed, thereby interfering with the removal of the radionuclides of interest.

Spent adsorbents taken from the ion-exchange columns were also sampled and analyzed for waste
designation. These data also provided a check on the amount of target contaminants removed by the
adsorbents.

Samples were handled in accordance with BHI-EE-01, Volume 1, Environmental Investigations
Procedures, EIP 5.1, "Chain of Custody," EIP 5.4, "Field Cleaning and/or Decontamination of
Equipment," and EIP 5.11, "Sample Packaging and Shipping" (BHI 1994).

2.4.2 Laboratory-Scale Tests

2.4.2.1 Resin Selection Test. Two groundwater samples were used in the bench-scale study.
Approximately 2,000 mL of each sample was required for characterization. Each sample was split
into equal portions; one portion was submitted to Quanterra Laboratories for analyses "as received"
and the other portion was filtered through a 0.45-µm glass fiber filter before analysis. All samples
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were collected and analyzed in accordance with approved Quanterra laboratory procedures. The

untreated groundwater from the BY-Cribs and B-5 Reverse Well plumes was analyzed by the

Quanterra-St. Louis Laboratory. the samples of the groundwater resulting from the batch

equilibrium, or isotherm, tests were sent to the Quanterra-Richland Laboratory for radionuclide

analyses (e.g., 'Co, "'Cs, 238n39124opU "Sr, and "Tc). These results were used to verify in-house

screening data. Samples of effluent from the column study were collected and analyzed in-house at

TDL for "Cs by gamma spectroscopy and total strontium by GFAA. Selected samples were sent to

the Quanterra-Richland Laboratory for isotopic plutonium analysis.

2.4.2.2 Batch Equilibrium Tests. As mentioned previously, two groups of batch equilibrium tests

were conducted at the B-5 Reverse Well site. All tests were done in duplicate and analyzed at the

222-S Laboratory. During the first group of batch equilibrium tests, duplicate samples of feed water

were also placed on the agitating test apparatus as controls and analyzed with the rest of the

post-contact solutions. In addition, a field blank was also processed like the other samples. Samples

were analyzed for i3'Cs, 219124°Pu, and `Sr in the first group of batch equilibrium tests. During the

second group of batch equilibrium tests, duplicate feed samples were placed on the jar test apparatus

for each set as a control. Samples were analyzed for 'Sr and total strontium. Duplicate samples

were taken for performing total strontium analyses.

2.4.2.3 Mini-Column Tests. Mini-column test samples were taken from the feed and after each

column after processing approximately 250 BV (which occurred approximately every 24 h) until

1,500 BV had been processed. The sampling frequency was then increased to every 100 to 150 BV

processed, or on a 12-h frequency. The samples were sent to the 222-S Laboratory for analyses, and

every fifth sample was sampled for duplicate analyses at an offsite laboratory as a QC check.

Samples were analyzed at the 222-S Laboratory for13'Cs, 79/240Pu, and 90Sr from the B-5 Reverse

Well site and for 'Co and °9Tc from the BY-Cribs site.

2.5 DATA MANAGEMENT

Pilot-scale system operational data were recorded on log sheets and in the field log book specifically

assigned to this task. The log book(s) are part of the project file and are preserved according to

EIP 1.5, "Field Logbooks" (BHI 1994). Field screening data were handled as operational data.

Analytical data for both the pilot-scale and laboratory-scale tests from the 222-S Laboratory and the

offsite laboratories were managed in accordance with EIP 2.0, "Sample Event Coordination"

(BHI 1994). Analytical results were entered into the HEIS database.

2.6 DEVIATIONS FROM THE TEST PLAN

A number of deviations to the treatability test plan (DOE-RL 1995c) occurred following its
implementation. The deviations and resulting impact on test objectives are described below. The
most notable deviations from the treatability test plan included changes to the treatment system design
and approaches to drilling. The treatability test plan (Rev. 0) submitted to meet the milestone
represented the expected state of conditions that guided treatment system design. Production tests
performed during the spring of 1995 revealed an unexpectedly thin zone of saturated sediments at the
BY-Cribs site and diminished projections of extraction rates. A project review by the Environmental
Restoration Contractor (ERC) produced several major changes to system design. The project review
and important changes are defined in Appendix A of the treatability test plan (DOE-RL 1995c).
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2.6.1 Geohydrological Testing

Lower than expected production from wells in the BY-Cribs plume was demonstrated during
production tests in the spring of 1994. Well 699-50-53A, which was most capable of supplying high
concentrations of contaminated water, was ultimately selected as the extraction well but did not
produce water at rates exceeding 15 L/min (4 gal/min). Continued low flow led to a recommendation
for further evaluations of the BY-Cribs aquifer and a cost benefit analysis of moving the treatment
system versus piping or trucking water to the existing location. Changes to the original test plan were
detailed in a 200 NPL Agreement/Change Control Form ( B1-1I-00203), dated November 9, 1994, that
specified hydrogeologic investigations at the BY-Cribs site and also at the B-5 Reverse Well
contaminant plume. Specific items included ( 1) pump test and groundwater analysis at well
699-55-57, (2) groundwater contaminant analysis at well 699-55-60A, ( 3) in situ groundwater velocity
flow measurements, and (4) tracer tests at the B-5 site injection well. Results are detailed in Chapter
4.0 of this test report.

In addition, several activities proposed in the 200-BP-5 treatability test plan were not performed.
Specifically not performed/developed were (1) a computer model of the local groundwater flow and
primary contaminant distributions, (2) optimized extraction well cycling data, and (3) refined
knowledge of the aquifer contaminant distributions. As explained in Section 2.1.1.2, a computer
model was to be developed if the test data warranted continued pump-and-treat activities. Extraction
well pumping/cycling data were not required due to successful contaminant extraction at both sites. A
refined understanding of aquifer contaminant distribution was not acquired due to difficulties with the
drilling program explained in Section 2.6.2.

2.6.1.1 Well 699-55-57 Tests. Groundwater monitoring data from the April 1994 200-BP-5
Operable Unit sampling event indicated that well 699-55-57 had relatively high levels of y9Tc
(2,100 pCi/L) and also penetrated a 1.5 to 2.1-m (5- to 7-ft) thickness of unconfined aquifer. This
well was initially regarded as the most suitable alternative if the system were moved, and tests were
proposed to ascertain the amount of water it could produce. Initial reviews of information provided
in Ledgerwood (1993) indicated that well construction did not favor high pumping rates because the
casing had been perforated using saw cuts. A preliminary pump test indicated a 8-L/min (2-gal/min)
extraction rate.

It was proposed that aquifer communications could be improved, and a shot perforation technique,
available through onsite sources, was procured. The shot perforation system was overcharged and
destroyed most of the casing in the aquifer. Following this, running sand conditions were
encountered. A 10-cm (4-in.) telescoping screen was installed and the well jetted free of sand several
times. An 8-h production test was performed in late February 1995, and five samples were taken to
measure the concentration of the primary contaminants of concern. Test results are discussed in
Section 4.3.2.

2.6.1.2 Well 699-55-60A Testing. Wells 699-55-60A and 699-55-60B were identified as two of
only a few wells lying west of the expected BY-Cribs plume location near the Gable Gap area.
Further, no samples had ever been taken from these locations. The wells were both constructed as
36-cm (14-in.) completions for cooling water supply to the 200 North Area in 1944. Both wells were
considered for sampling, but a site inspection showed that the amount of debris in well 699-55-60B
would not permit reliable sampling. Well 699-55-60A was sampled in early March, in a cooperative
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venture with Pacific Northwest National Laboratory (PNNL). Results are presented in

Section 4.4.2.2.

2.6.1.3 In Situ Flow Velocity Measurements. In situ flow velocity measurements were proposed to

determine the rate and direction of groundwater flow in the BY-Cribs plume region, in and north of

the 200 East Area. The technique used the KV Engineering Company's In Situ Flow Meter device

owned by Westinghouse Hanford Company's (WHC) Groundwater Data Services organization. The

device has been modified by WHC to use stouter rods, which ensure accurate north-south directional

alignment. The device emits a heat pulse in the groundwater and measures voltage change at eight

thermistors because of temperature changes. The device is accurate down to 0.012-m/day

(0.04-ft/day) groundwater flow velocities.

A series of 14 wells, the construction specifications of which met the instrument's requirements, were

identified and tested in late May/July timeframe. The wells were tested to determine groundwater
directions and velocities and the data used to verify previous plume migration directions. Tests were

also considered at the B-5 Reverse Well, but radionuclide contamination raised concerns that the
device might become contaminated. Additional test information and results are given in
Section 4.3.3.

2.6.1.4 B-5 Reverse Well Injection Well Change. The reinjection well proposed in Section 4.1.2
of the 200-BP-5 treatability test plan (DOE-RL 1995c) was questioned before startup of the system.
An ERC regulatory analysis interpretation required that treated water could not be reinjected outside
the existing contaminant plume unless the contaminant concentrations were less than the MCLs. For
the BY-Cribs plume, the nearby wells were within the plume; therefore, no problems existed with the
proposed return well.

At the B-5 Reverse Well site, the plume was much smaller in area and did not include the preselected
injection well 299-E28-1. The injection piping was pulled from this well and relocated to well
299-E28-7, 18 m (60 ft) upgradient from the extraction well. Concerns were raised regarding
recirculating treated water and treating it again with much lower radionuclide concentrations through
the system; tracer tests described in the next section were performed.

2.6.1.5 Tracer Tests at the B-5 Reverse Well. Two tracer tests were conducted around the
B-5 Reverse Well during the course of system operations to test for recirculation of treated
groundwater. In both cases, a bromide tracer was mixed into treated effluent water and reinjected at
the start of 5 days of continuous extraction/treatment operations. Hourly samples were taken from
the extraction well and analyzed with a bromide detector. Extraction rates during both tests were
95 L/min (25 gal/min).

The first test was run using well 299-E28-23 as the extraction well and well 299-E28-7 as the
injection well. These wells are approximately 18 m (60 ft) apart. This arrangement provided a
measure of flow between an injection well upgradient from the extraction well. The second test was
run with the same extraction well location but with the injection well moved to well 299-E28-25,
located approximately 8 m (25 ft) northwest and downgradient from the injection well. Test results
are described in Section 4.3.4.

2.6.1.6 Cyclic Pumping at the B-5 Reverse Well System. Section 4.2.1 of the 200-BP-5
treatability test plan proposed cyclic pumping and testing of the B-5 Reverse Well. It was expected
that, per the conceptual model, rapid declines in the extraction concentrations of "'Cs, 239'240Pu, and

RL95-59. W51/A2 2-20



0 DOE/RL-95-59
Rev. 0

90Sr would occur shortly after test startup. It was also expected that after 1 to 2 months of operation,
the extracted water would be depleted of high concentrations of contaminant, the system would be
turned off, and the groundwater would be allowed to reequilibrate to pretest levels. Testing would
then resume 3 to 4 months later. However, because of the continuously high extraction
concentrations of13'Cs and 90Sr, this approach to groundwater extraction and operations was not
needed.

2.6.2 Drilling Activities

The recognition of a thin aquifer and poor extraction rates at well 699-50-53A and adjacent wells
initiated a program to drill several wells between it and the likely injection well at 699-49-55A. The
goal was to locate greater thicknesses of groundwater and greater contaminant concentrations. Two
wells were to be evenly spaced between the existing wells and would serve as either extraction,
injection, or monitoring wells depending on production testing and groundwater analysis results.
Additionally, the use of a heavyweight cone penetrometer exploration system was proposed to
ascertain depth to, and thickness of, groundwater, and to then guide drilling accordingly.

Following the ERC project review, revision 0 of the 200-BP-5 treatability test plan proposed the use
of a sonic drilling technique using heavy cone penetrometer rods to investigate aquifer thickness and
contaminant distribution between the BY-Cribs and well 699-50-53A. Results of this activity would
then support drilling a network of eight extraction/injection/monitoring wells around the most
productive location found. The sonic drilling system was used in August 1994 and successfully
provided aquifer information at three of eight locations. At three other locations holes were drilled,
but hard drilling conditions were encountered and groundwater was not reached (see Section 4.4.1).
The drilling confirmed a limited"Tc plume south of the extraction well and did not support pursuing
drilling activities in FY 1994.

A second set of wells was proposed for FY 1995 in the area northwest of well 699-50-53A. In an
effort to better direct the drilling program, a proposal was made to use high-resolution seismic
reflection techniques to locate suitable drilling locations. The seismic reflection program was to be
used to locate erosion channels in the basalt that were regarded as possibly providing both a thicker
aquifer with high concentrations of the target contaminants. To be effective, this proposal relied on
downhole seismic velocity data not then available. The overall expense of the seismic reflection
program would have severely limited the resulting drilling program and was not assured of providing
the needed data. Plans for drilling were dropped for FY 1995. A monitoring well was then proposed
at the B-5 Reverse Well plume site. This well was intended for characterization but was not regarded
as essential to the treatability test.

2.6.3 Changes in Pilot-Scale System Design/Operation

Design changes and several incidents led to either decreased system effectiveness or delays in
operations of both systems.

2.6.3.1 Tank Contamination. System operations began on August 29, 1994, with extraction of
groundwater, but after repeated low pH readings at the BY-Cribs system, operations were shut down
to allow investigation of the problem. The 31,000-L (8,200-gal) tanks obtained from B Plant and that
were being used as influent and effluent storage tanks were found to contain residual material that had
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not been removed before installation. This was detected during startup and acceptance testing
activities when unusually low pH readings were noted during calibration of pH instruments at the
BY-Cribs site. A review of B Plant history indicated the tanks had been used for storage of
aluminum nitrate nonhydrate, ethyldiaminetetracetic acid, and nitric acid. The tanks had not been
properly cleaned before transfer from B Plant. Cleaning the tanks and disposing of the cleaning
solutions for both sites caused a 3-month delay.

Initial samples taken from the tanks also indicated organic contamination. Therefore, to mitigate the
potential for organics being entrained into the treated water that would be discharged into the disposal
wells, GAC systems were designed and installed for removal of organics. In addition, during tank
cleaning a small quantity of elemental mercury was discovered in one tank and mercury vapor was
detected in another tank. The elemental mercury was cleaned up and properly disposed of. Tank
cleanup and verification sampling were completed, and the treatment systems started again on
November 28. 1994.

2.6.3.2 Winterization. After approximately 1 week of operations in early December 1994, testing
was shut down for 6 weeks on December 6, 1994, to complete winterization activities. This resulted
from an ERC management order following an incident resulting from frozen piping in the 100 Areas.
System operations at the B-5 Reverse Well site resumed on January 17, 1995, and at the BY-Cribs
site on January 18, 1995.

2.6.3.3 Change in Resin for Strontium-90 Removal. Resin for the B-5 Reverse Well system was
changed from Rohm & Haas IRC-718 to clinoptilolite after laboratory test results indicated that the
clinoptilolite appeared to have a higher removal efficiency for 'Sr than the IRC-718. The resin
change caused several operational problems because the treatment systems were not designed for the
higher operating pressures and flows that clinoptilolite, by virtue of its higher specific gravity and
smaller size, required. In addition, the finer grain size of the material required finer mesh screens in
the columns and refabrication of screens at either end of the columns. The higher specific gravity
limited sufficient backwashing of the clinoptilolite, since the original system design did not anticipate
the 1,300 to 1,500 L/min (350 to 400 gal/min) flow rates and associated pressure required to achieve
the manufacturer's recommended 50% bed expansion for the clinoptilolite. The fines also caused a
corresponding increase in system pressures. During backwash, the backwash flow rate could achieve
only 57 to 76 L/min (15 to 20 gal/min), which was insufficient to remove the fines. The backwash
solutions were passed through filters for removal of the fines. This operation took several days to
complete. In addition, because of insufficient backwashing, significant quantities of fines tended to
clog downstream in-line filters during the first several weeks of processing operation.

2.6.3.4 Ion-Exchange Column Changes. The ion-exchange columns originally selected were
thought to have a pressure rating that was too low to meet the requirements of the B-5 Reverse Well
system. It also appeared that their delivery would not meet scheduled startup; therefore, procurement
of other, higher pressure-rated vessels was initiated. Smaller volume fiberglass vessels were located
and ordered. Tradeoffs on the column sizes and resins resulted in operating the systems at 95 L/min
(25 gal/min) to provide the minimum 5-minute residence time per column for the contaminants of
concern. This was one-half the originally estimated process rate of 189 L/min (50 gal/min).
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2.6.4 Preliminary Engineering Assessment of Treatment Alternatives

A preliminary engineering assessment of treatment alternatives study was conducted to identify and
evaluate alternate technologies that might be more effective or less costly than ion exchange. The
document is being released as a Bechtel Hanford, Inc. (BHI) report.

2.6.5 Addition of the 216-A-25 Gable Mountain Pond to the Risk Assessment

As part of the RBDA and per agreement between DOE, EPA, and ERC, the 'Sr plume at the
216-A-25 Gable Mountain Pond was examined for hazard to offsite personnel. As explained in more
detail in Section 5.1.2.4, Gable Mountain Pond received a large portion of the cooling waters
generated at the 200 East facilities, primarily the PUREX Plant, over the years. In the course of
operations, a 'Sr plume built up under the pond following an accidental release at the PUREX Plant
in 1964. Based on the relative risk assessment performed in the 200 East Groundwater Aggregate
Area Management Study Report (DOE-RL 1993a), it was considered to be the third most significant
plume in the 200-BP-5 Operable Unit for risk to human health, following the B-5 Reverse Well and
BY-Cribs plumes. The risk assessment discussion is presented in Section 5.4.

2.6.6 Treatment Systems Shutdown

The proposed 6-month test period specified in the 200-BP-5 treatability test plan (DOE-RL 1995c)
was reduced to 4.5 months following delays resulting from tank cleanout and winterization. In
anticipation of the reduced testing program, the field-based mini-column tests were proposed as a
means of gathering breakthrough data for the initially selected resins. Modifications were later made
to the B-5 mini-column tests to examine several options for enhanced 'Sr removal. A 200 NPL
Agreement/Change Control Form (BHI-00334) was approved by DOE, EPA, and Ecology on
May 15, 1995, and implemented a May 30, 1995 date by which to cease all operations. The
BY-Cribs pilot system was shut down on May 22, 1995, and the B-5 Reverse Well system was shut
down on May 29, 1995.
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Figure 2-2. 216-13-5 Reverse Well Treatment System Equipment Arrangement.
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Figure 2-3. 216-BY Cribs Treatment System Equipment Arrangement.
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Table 2-1. Data Quality Objectives for Laboratory-Scale Testing.

Activity Conduct chemistry tests of ion-exchange resin(s), coupled with
pre-treatment system chemistry, if necessary, that is suitable for
removing 'Co and "Tc or "'Cs, J9/240Pu, and "Sr from groundwater.

Objectives Identify the preferred ion-exchange resin(s) effective at capturing 'Co
and "Tc (or 137Cs, 239/240Pu, and 'Sr) from groundwater samples.

Prioritized Data Uses Support pilot-scale treatment system design (i.e., resin selection and
pre-treatment requirements).

Appropriate Analytical Protocols follow established industrial standards or U.S. Environmental
Level or Implementation Protection Agency methods. Some analyses may require method
Guidelines modification and/or development (Level V).

Parameters to be Because of the limited scope of the laboratory testing program, the
Obtained parameters to be obtained focus on the effectiveness of the treatment

system as determined by sampling the influent and effluent
concentrations of contaminants of concern from the ion-exchange resin
columns and potential pre-treatment processes as follows:

Resin Selection:

• Concentrations of primary and secondary contaminants
• pH, temperature, oxidation/reduction potential
• Batch equilibria
• Kinetics, rate of uptake.

Pre-treatment:

• Effect of pH adjustment on removal efficiency
• Resin capacity and effectiveness in removing 'Co.

Required Detection or Analytical detection limits and data quality objective (DQO)
Measurement Limits requirements (precision, accuracy, representativeness, completeness,

comparability parameters) will be identified in the sampling and analysis
plan (Appendix C) and the quality assurance project plan (QAPjP)
(Appendix B). These requirements will focus on the effectiveness of
the processes being tested. The DQOs for Level III analyses are listed
in the QAPjP (Appendix B).

Critical Samples or 'Co and "Tc or "'Cs, 239a^°Pu, and 90Sr concentrations in pre- and
Values post-treatment samples.

Constraints Representative samples of groundwater are required from each of the
two plumes.
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Table 2-2. Data Quality Objectives for 200-BP-5 Operable Unit Plumes

Pilot-Scale Treatment Testing. (2 Sheets)

Activity Pilot-scale treatability test.

Objectives Assess effectiveness, operating parameters, and cost of using ion

exchange to remove 137Cs, 239/240Pu, and 'Sr; or 'Co and 99Tc from

extracted groundwater.

Prioritized Data Uses Support the selection of a preferred interim action alternative for the

plume.

Appropriate Analytical Level I and II screening analyses will be used for process monitoring.

Level or Implementation As a minimum, 137Cs, 2391240Pu, and 90Sr; or 'Co and 99Tc

Guidelines concentrations will be verified by limited Level III or V analyses. No
validation (Level IV) data will be required because only interim action

decisions are being supported. Requirements will be refined in the
process monitoring sampling and analysis plan (Appendix C) and the

quality assurance project plan (QAPjP) (Appendix B).

Parameters to be Obtained Effectiveness: Influent and effluent concentrations of13'Cs, 23912"°Pu,

and "Sr; or 'Co and 99Tc. Develop breakthrough curves for
adsorbents.

Operating Parameters:
• Flow rate
• pH, temperature, turbidity, dissolved oxygen
• Operating pressures, both differential and point.

Resource Needs:
• Equipment/materials
• Personnel and maintenance requirements
• Secondary waste volumes and characteristics
• Power and chemical usages
• Onstream factors
• Health and safety requirements, including field radiation

monitoring
• Other cost elements (e.g., mobilization, sample transport,

analytical services, decontamination, residuals
transport/treatment/d i sposal) .

Required Detection or Effectiveness: Analytical detection limits for 131Cs, 239111Pu, 'Sr, and
Measurement Limits nitrate; or 'Co and 91Tc must be able to detect expected effluent

concentrations after 90% removal. Accuracy should be sufficient to
support calculation of removal efficiency to ± 1%. Other supporting
documentation such as equipment data sheets may also affect final data
quality objectives (DQOs). The DQOs and other precision, accuracy,
representativeness, completeness, comparability parameters are
specified in the QAPjP (Appendix B).
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Table 2-2. Data Quality Objectives for 200-BP-5 Operable Unit Plumes
Pilot-Scale Treatment Testing. (2 Sheets)

Required Detection or Operating Parameters: Process chemistry will be measured primarily

Measurement Limits to detect significant and/or unanticipated secondary impacts on system

(Continued) operation and efficiency. Analytical protocols will follow established
vendor standards, industrial standards, or EPA practices. Other
operating parameters will be measured as follows:

Parameter Instrument Range Accuracy

Flow rate meter 10 to 60 gal/min ±1 gal/min

pH probe 0 to 14 ±0.1

Temperature thremocouple or 0 to 100 °C ±1 °C
thermometer

Turbidity meter 0 to 100 NTU3 ±5.0 NTU

Differential transmitter or 0 to 30 lb/in2 +_0.5 lb/in2
Pressure gauge

Point Pressure transmitter or 0 to 100 Ib/in2 +_ 1 Ib/in=
gauge

Resource Needs: Resources will be monitored in accordance with
normal recordkeeping practices (e.g., inventory, workhours) specific to
each resource type. U.S. Environmental Protection Agency (EPA)
guidance (EPA 1992) calls for an accuracy of +50% to -30% in
estimating implementation costs.

Critical Samples or Values • Cesium-137, 23°'ZwPu, and 'Sr; or 'Co and 'Tc
concentrations in influent and effluent streams at a frequency
proportional to the rate of change in the primary contaminants

• Chemical and radiological concentrations in spent resins and
discarded filter cartridges

• Operating costs (e.g., materials, personnel)
• Secondary waste disposal costs.

Constraints • It is necessary that resin breakthrough be measured in a
timely manner for "Cs, 239'240Pu, and 'Sr; or 'Co and 9°Tc.

• Representative samples are required of process water streams,
discarded filter cartridges, and spent resin.

• Groundwater monitoring is required to assess transport of
contaminants in response to pumping.

• Some resin and filter cartridge samples may have high
radionuclide content that requires special sampling and
handling methods.

aNTU = nephelometric turbidity unit(s).
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Table 2-3. 200-BP-5 Treatability Test Objectives and Approach.

Test Objective Approach

Effectiveness

Identify optimum ion- Conduct laboratory-scale batch equilibrium tests of various resins to

exchange resin select the best candidate based on performance and cost.

Determine ion-exchange Monitor pilot-scale ion-exchange column influents versus effluents for

system effectiveness for concentrations of137Cs, 2391240Pu, and 'Sr at B-5 Reverse Well and

removal of137Cs, 239/240Pu, "'Co and'9Tc at BY-Cribs using field screening and laboratory

and 90Sr at B-5 Reverse analyses. Conduct laboratory-scale mini-column tests to provide

Well and 'Co and 'Tc at additional resin breakthrough data and evaluation of resin kinetics

BY-Cribs from extracted (effectiveness at different flow rates).

groundwater

Operating Parameters

Refine operational Use observational approach during pilot-scale testing to refine

requirements/procedures operating requirements. Conduct dry-run ion-exchange resin

changeout. Revise operating procedures based on observations.

Assess impacts of "other" Monitor pilot-scale process chemistry including suspended solids,

groundwater constituents calcium carbonate, chloride, nitrate, phosphate, and sulfate. Use

on operational efficiency observational approach to detect significant impacts on system

operation and efficiency. Revise operations accordingly.

Assess operating Monitor pilot-scale system flow rate, pH, temperature. turbidity, and

parameters to optimize pressures. Use observational approach to optimize treatment

treatment efficiency efficiency. Use laboratory-scale flow-through column tests to perform

kinetic studies to evaluate removal efficiencies at various flow rates

(residence times), and to provide supplemental resin loading data.

Conduct laboratory-scale batch equilibrium tests of resins at various

pHs to assess impact of pH on loading effectiveness.

Demonstrate operational Operate pilot-scale system for approximately 5 months. Identify and

reliability and safety allocate needed resources. Conduct site safety inspections and

meetings to ensure health and safety of personnel.

Resource Needs

Develop cost estimates of Track significant"expenditures by the following categories:

significant cost components engineering, construction, and startup; operations; maintenance;
analytical; waste management; and project management through the
Financial Data System.

Refine health and safety Refine Site Safety Plans and Radiation Work Permits based on lessons

requirements learned during operations, safety inspections and meetings, and
monitoring the work environment as needed. Establish hazardous and
radiological control zones as required.
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Table 2-4. Data Quality Objectives for 200-BP-5 Operable Unit Plumes

Contaminant Extraction Testing. (2 Sheets)

Activity Pilot-scale contaminant extraction testing.

Objectives Develop a pumping schedule in terms of time pumping is on, time
pumping is off for reequilibration or partitioning of primary
contaminants, pumping locations, and return locations. Estimate total
(dissolved and adsorbed) contaminant mass that can interact with
groundwater to reestablish a plume after completion of interim action.
Develop estimate of primary contaminants.

Prioritized Data Uses Determine contaminant recovery effectiveness and system efficiency of
pump-and-treat alternative. Develop numerical model of aquifer and
primary contaminant response to pumping.

Appropriate Analytical Level I and II screening analyses (gross alpha, beta, or spectral gamma
Level or Implementation radiation) will be used for preliminary determination of pumping

Guidelines schedule, to be confirmed by limited Level III and V analyses for
specific radionuclides.

Parameters to be Effectiveness:

Obtained • Concentrations of "'Cs, 239'240Pu, and 'Sr in extracted
groundwater

• Pumping rates and locations, times for pumpage on and off
• Estimates of dissolved and adsorbed "'Cs, 239/240Pu, and 'Sr in

aquifer and on aquifer materials.

Operating Parameters:

• Aquifer hydraulic properties and contaminant distribution
properties

• Estimates of total primary contaminant quantities
• Optimized pumpage cycling (pumping rates, aquifer

reequilibration times, and moving pumping among available
wells) to maximize recovery

• Computer model input parameters for local groundwater flow
and contaminant phase transformation and transport.

Resource Requirements:

• Electrical costs of pumping
• Installation of additional wells
• Technical personnel time to interpret process effectiveness
• Analytical costs
• Other significant cost contributors.
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Table 2-4. Data Quality Objectives for 200-BP-5 Operable Unit Plumes
Contaminant Extraction Testing. (2 Sheets)

Required Detection or Parameters for field or mobile laboratory screening methods will be

Measurement Limits developed in the test sampling and analysis plan (Appendix C).
Parameters for all analytical measurements will be based on usual limits
of normal analytical services as expressed in Table 3-3 and the quality
assurance project plan (Appendix B). Screening methods are used
because of the need for fast turnaround time to interpret analytical data.
Costs will be monitored in accordance with normal recordkeeping
practices. Estimates of total (adsorbed and dissolved) primary
contaminant mass in aquifer matrix and groundwater will be made
through a calibrated computer model and are likely to be accurate to
about a half an order of magnitude.

Critical Samples or Primary contaminant concentrations during pumpage and after

Values reequilibration.

Constraints Timing of extraction testing, pumping rates, and pumping procedures
cannot be estimated beyond first cycle. Remainder of extraction testing
will depend on observed response of groundwater system during initial
testing.
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Table 2-5. Data Quality Objectives for Hydrogeologic Assessment.

Activity Install new wells. Complete aquifer properties testing in the aquifers

utilizing pumping and slug tests. Obtain water level measurements

from existing and new wells.

Objectives New wells will help define aquifer properties, groundwater flow, nature

and extent of contamination, and groundwater geochemistry, and will

provide additional wells for groundwater extraction and return. Aquifer

testing results address general data needs for identifying aquifer

properties necessary to evaluate groundwater flow and contaminant

mobility. Water level measurements are needed to calculate horizontal

and vertical hydraulic gradients required to evaluate groundwater flow.

Prioritized Data Uses Support groundwater flow characterization and contaminant transport

evaluation needed to refine the operable unit conceptual model and

support project treatability test operations.

Appropriate Analytical Wells will be installed according to procedures outlined in the

Level or Implementation Environmental Investigations and Site Characterization Manual, EII 6.8

Guidelines (WHC 1988) and Washington Administrative Code (WAC) 173-160 and
following description of work (DOWs). Aquifer tests will be completed

according to procedures outlined in the Environmental Investigation
Procedures, EIP 7.1, "Aquifer Testing" (BHI 1994) and follow-on
DOWs. Water level measurements and related tape calibration will be
completed according to procedures outlined in the Environmental

In vestigation Procedures, EIP 7.1, "Aquifer Testing" (BHI 1994).

Parameters to be Hydraulic conductivity, transmissivity, and depth-to-water

Obtained measurements for existing and new wells.

Required Detection or None.

Measurement Limits

Critical Samples or • Wells must be completed in the aquifer to allow sample

Values collection for analysis and to allow aquifer testing.
• Wells need to show maximum contaminant values and the

extent of contaminant plumes.
• Single-well slug tests should be supplemented by limited

numbers of slug interference and/or pumping tests with
observation wells to characterize test results variability.

• Periodic water level measurements to assess aquifer gradient
and response to pumping and changes in B Pond disposal
practices.

Constraints • Well design should consider contingencies for multiple use
(i.e., pump-and-treat systems).

• Emphasize slug tests in contaminated areas.
• Accurate surveys of measurement points are required.
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Table 2-6. Data Quality Objectives for Groundwater Monitoring.

Activity Groundwater sampling and analysis.

Objectives • Establish a baseline on major contaminants and

co-contaminants before the start of treatability testing.

• Determine the effect of groundwater extraction and return on

concentration of primary contaminants and co-contaminants

within the plume and in the vicinity of the return well.

• Determine hydraulic impacts in the area influenced by the test.

• Provide remedial design input.

Prioritized Data Uses Support treatability test feed water requirements and provide input

parameters for numeric model calibration and remedial action design.

Appropriate Analytical Field screening (Level II) will be used as a quick indicator of test

Level or Implementation effectiveness. Data from an offsite laboratory (Level IV) will be used

Guidelines to make final decisions regarding the test. See the quality assurance

project plan (Appendix B) for required detection or measurement limits.

Parameters to be • Concentration of primary contaminants ("Co and 99Tc for the

Obtained BY-Cribs plume, 137Cs, 239, 24°Pu, and 'Sr for the B-5 Reverse

Well plume).
• Interfering nontarget groundwater constituents (anions) before,

during, and/or after test(s).

• General groundwater quality parameters to include gross alpha,

gross beta, pH, temperature, conductivity, and oxidation/

reduction potential.

• Groundwater flow direction before, during, and/or after testing

within the network.

Required Detection or None.

Measurement Limits

Critical Samples or Groundwater should be sampled before the test begins, as needed

Values during the test (e.g., pore volume removed, pumping cycle completed,
significant contaminant reduction), and at completion of the treatability

test to evaluate test effectiveness.

Constraints • Representative groundwater samples are required.

• Accurate water level measurements are required.
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Table 2-7. Mini-Colunm Tests at the 216-B-5 Reverse Well.

Test 1 MCT-1 MCT-2

Columns Bone char-clinoptilolite- Bone char-clinoptilolite-

clinoptilolite, run at 5- to clinoptilolite (with

6-minute contact strontium chloride
addition), run at 5- to

6-minute contact

Test 2 2MCT-1 2MCT-2 2MCT-3

Columns Continuance of Test 1 Bone char-clinoptilolite- Bone char-clinoptilolite-

MCT-1 (Bone clinoptilolite, run at UOP A-51, run at

char-clinoptilolite-clinoptilo 12-minute contact 12-minute contact

lite)

RL95-59. W51/A3 2T-9



DOE/RL-95-59
Rev. 0

RL9559. W5 VA2 2T-10



iir
DOE/RL-95-59

Rev. 0

3.0 RESULTS AND DISCUSSION

3.1 PILOT-SCALE TESTS

3.1.1 Pilot-Scale Treatment System Effectiveness

3.1.1.1 216-B-5 Reverse Well. Two tests were conducted with the pilot-scale treatment system at

the B-5 Reverse Well site, designated as "Run I" and "Run 2". Tables C-1, C-2, and C-3

(Appendix C) present the "'Cs, 239'2wpu, and 'Sr analytical results for the ion-exchange treatment

system for Run 1. Figure 3-1 is a plot of the lead column results for 'Sr removal, and Figure 3-2 is

a plot of the overall system results for 'Sr removal. Figure 3-3 is a plot of the lead column results

for "Cs removal. Figure 3-4 is a plot of the overall system results for the removal of 239'2'OPu.

Because the system was not able to achieve the target 'Sr level after 2 months of operations, testing

was terminated and the clinoptilolite and mixed-bed (clinoptilolite and bone char) media removed

Run 1 average inlet concentrations ( see Tables C-1, C-2, and C-3, Appendix C) were 1,354 pCi/L for

"'Cs, 19.4 pCi/L for 2312a0pu, and 3,937 pCi/L for 'Sr. The average effluent concentrations from

the lead column(s) were less than 59.2 pCi/L "'Cs, less than 5.6 pCi/L 2391240pu, and 1,785 pCi/L

'Sr. This results in average removal efficiencies of greater than 95.6% for "'Cs, greater than 77%

for 79'240Pu, and 54.7% for 'Sr.

The137Cs and 239rz40 pu effluent results reported are actually an average of the detection limits together

with actual values from the 222-S Laboratory. Most of the reported effluent cesium and plutonium

values are the detection limits for the 222-S Laboratory, reported as "less than" values. The 222-S
Laboratory has high background levels that affect analytical results for some radionuclides in that the
detection limits vary and may be quite high. For example, in the tables in Appendix C if a value is

an actual value, there is either no "less than" (<) symbol or there is a "Y" in the column for
detectable. If the value is at or below the detection limit, there is a < or N in the detectable column.

As can be seen, there are times that effluent values are higher than influent values because of higher
background yielding a high detection limit at the time the analysis was run, whereas the detection
limit may have been lower (lower background) when the influent sample was analyzed and reported
as an actual value. Because of this, the data and resulting curve plots appear sporadic. For this
reason, it is more important to look at trends rather than the actual values and to interpret results
accordingly. If the treatment system can achieve an effluent lower than detection limits of the
laboratory, the removal efficiencies reported herein underestimate actual removal efficiencies.

Offsite laboratory detection limits are somewhat lower, indicating that actual effluent values for "'Cs
may be approximately 8 pCi/L and approximately 1.6 pCi/L for Z'9'2°°Pu (the detection limit for two
samples was 11 and 4.8 pCi/L for "Cs and 1.5 and 1.6 pCi/L for "Pu). Based on these values,
the "'Cs and 239..d0Pu removal efficiencies would be 99.5% and 92%, respectively, and would indicate
that the treatment system may be capable of meeting the 1.2-pCi/L MCL for drinking water for
23911pti In any case, the treatment system appears capable of easily meeting the 120-pCi/L MCL for
"'Cs.

It should be noted that the lead column for plutonium removal is the first column in line (the bone
char column), and the lead column for strontium and cesium removal is the second column in line
(the first clinoptilolite column). Thus, referring to the "lead" column for strontium and cesium
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removal actually includes the bone char and the first clinoptilolite column. It can be seen (see

Table C-1, Appendix C) that for the first 500 By, bone char removed significant amounts of 'Sr
(-20%). Figure 3-1 is a plot of 'Sr removals versus bed volumes treated for the "lead column" and

shows that for the first 500 By, 'Sr removal through the bone char and clinoptilolite columns

averaged 47 pCi/L. However, after 500 By, a sharp increase in effluent concentration is seen, which
over the course of Run 1 yielded an average effluent of 1,785 pCi/L. This resulted in an average
lead column removal efficiency for 'Sr removal of 54.7%.

System removal efficiency for 90Sr is shown in Figure 3-2 where the average effluent concentration
averaged 936 pCi/L. Table C-1 (Appendix C) shows that the mixed-bone char-clinoptilolite column
reduced the average 'Sr concentration from 1,785 pCi/L to 936 pCi/L, resulting in an overall
removal efficiency of 76.2%. Figure 3-3 presents removal results for the lead column versus bed
volumes treated for "Cs, and Figure 3-4 presents the 239/'40pu removal results for the treatment
system versus bed volumes treated.

A total volume of 2,284,000 L (603,362 gal), or 4,033 By, of groundwater was processed in Run 1.
The mass amount removed by the lead columns is determined by the definition of Specific Activity
(SpA) of a radionuclide, in the following relationship:

SpA = (In 2) x N = Ci/g
T 112

where N is the number of radioactive atoms per unit mass (6.0225 x 1023/atomic mass) and T1z is
half-life of the radionuclide.

For 'Sr, the specific gravity is 141 Ci/g or 141 x 1014 pCi/g. For "'Cs, the specific activity is
87 Ci/g and for 79/240Pu the specific activity is taken as 0.0886 Ci/g.

For a radionuclide, calculating the grams removed by the adsorbent is determined by the formula:

(Influent Concentration - Effluent Concentration) x (Volume of Water)/(SpA)

The results for lead column removal are presented in Table 3-1.

At the conclusion of Run 1, the clinoptilolite and clinoptilolite-bone char were removed from tanks 4
and 5, and both were recharged with clinoptilolite. The bone char was not changed because it was
still demonstrating good 239/240pu removal. Thus, Run 2 commenced with the original bone char
column followed by two columns with new clinoptilolite. The GAC column remained online at the
end of the treatment train, but was not regularly monitored. The process flow rate was reduced from
approximately 95 L/min ( 25 gal/min) in Run 1 to 57 L/min ( 15 gal/min) to increase the contact time
to 8 minutes per column (versus the 5 to 6 min of Run 1).

Run 2 analytical results are presented in Tables C-4 and C-5 (Appendix C) for "'Cs and 'Sr.
Because the emphasis of Run 2 was90Sr removal, no plutonium and only limited "Cs data were
obtained. The "Cs data were not plotted. Figures 3-5 and 3-6 present the 'Sr results versus bed
volumes treated for the lead column and the overall system, respectively. Near the end of Run 2, a
tracer test was performed, and the flow was increased to 106 to 114 L/min (28 to 30 gal/min), which
reduced contact time to 5 minutes.
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Run 2 concluded after processing approximately 1,448, 559 L/min (382,670 gal), or 3,198 By. The

system provided an average effluent concentration of 267 pCi/L 'Sr and 58.5 pCi/L 13Cs. The

corresponding removal efficiencies for °'Cs and 'Sr were 96% and 94.5%, respectively. As

previously mentioned, no plutonium data were obtained for Run 2. It should be noted that there was

a significant increase in the influent 'Sr concentration from an average of 3,695 pCi/L for Run 1 to

4,896 pCi/L for Run 2. The respective influent 13Cs values were 1,354 pCi/L for Run 1 and

1,457 pCi/L for Run 2.

As shown in Figure 3-5, the longer contact time did improve 'Sr removal. The quality of the

effluent from the lead clinoptilolite column decreased over time, with concentrations ranging from a

low of 56 pCi/L at approximately 100 BV to approximately 1,000 pCi/L90Sr at 1,850 By. At

2,150 By, coincident with the onset of the tracer test, the effluent concentration increased to

2,200 pCi/L 'Sr. The lead column removed an average of 980 pCi/L over the course of Run 2 for a

removal efficiency of 80%. For °'Cs, the removal efficiency was unchanged at 96% from Run 1.

The increase in influent concentration and reduction in residence time during the tracer test probably

caused some degradation of removal efficiency for the 'Sr.

As shown by the removal efficiency curve in Figure 3-5 (dashed line) before the tracer test, removal

efficiencies seem to follow a weekly "stair-step" pattern. For example, after 200 By, the efficiency

declined until 570 BV were reached on a Friday. The removal efficiency then appeared to recover on

the following Monday. Again, at approximately 970 BV (Friday), the efficiency was 87%, down

from 94% at the beginning of the week (Monday). At approximately 1,000 BV (Monday), the

efficiency was back up to 90%. This pattern is seen throughout the test from 350 to 1,850 BV and

follows an overall downward trend from week-to-week. This seems to suggest that clinoptilolite may

be better suited for batch operations. During the tracer test, a kinetic effect was observed, in that

shorter contact times and continuous operation (24 h/day) resulted in increased effluent

concentrations, increasing to approximately 2,500 pCi/L by the end of the test (3,000 to 3,200 BV).

As mentioned above, longer contact times and daily operations seemed to show improved 'Sr

removals.

Another observation was that the prefilters (bag filters) periodically demonstrated good 'Sr removal

values. It is thought that fines from backwashing the clinoptilolite are responsible. The backwash

solutions were sent back to the influent storage tank and processed through the system for removal by

the prefilters. The fines are the small-sized clay fraction of the clinoptilolite. Because some clays are

known to provide good cation removal, it is thought that the clinoptilolite fines residing in the influent

storage tank are able to adsorb the 'Sr and are periodically resuspended, drawn into the systeni, and

removed by the filters. It also seemed that there was a small amount of material periodically released

by the filters because the filter effluent 90Sr concentrations are up to 13% higher than the feed. This

may be a sampling or analysis anomaly, but a 13% difference is significant (see Table C-4,

Appendix C, for a comparison of the data).

The removal efficiency of the second clinoptilolite column for `Sr was 13% at 94 By, but then

increased to 90% by 425 BV (see Table C-4, Appendix C, and Figure 3-6). The corresponding feed

concentrations of 'Sr (effluent from lead column) were 56 pCi/L and 289 pCi/L 'Sr, and the
respective effluent concentrations were 48.6 pCi/L and 29.3 pCi/L. The effluent from the second
clinoptilolite column is the final effluent.

This indicates that the clinoptilolite performs poorly with a dilute feed, and was not capable of
meeting the target MCL of 8 pCi/L 'Sr effluent concentration at an 8-minute contact time. After the
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tracer test began, the removal efficiency decreased to approximately 56% at 2,700 BV and was 55%

at the end of the test (see Table C-4, Appendix Q.

Considering the overall treatment system effectiveness, the average removal efficiency for 'Sr was

approximately 97%, achieving an average effluent 'Sr concentration of 77.8 pCi/L until 1,850 BV; it

then decreased to 68% by the end of the test with an effluent concentration of 1,160 pCi/L. While

operating with an 8-minute contact time per column, the effluent concentration ranged from 28 pCi/L

to 134 pCi/L 'Sr. At the end of Run 2 of the pilot-scale test, the effluent had increased to

1,160 pCi/L 'Sr.

First-order rate constants (K values) were calculated from the pilot-scale and mini-column test data for

"'Sr to separate the effect of residence time from bed performance. The rate constants were

calculated from the following equation.

Kt = -ln(Effluent 'Sr conc./Influent 'Sr conc.)

where K is the kinetic constant and t is the empty bed contact time. The resulting rate constants are

tabulated in Table 3-2 for each run.

Inspection of the rate constants shows generally good agreement from the first to second bed. The K

values are generally higher in the mini-columns relative to the pilot plant. This is probably due to the

more efficient contacting in small columns produced by the higher length/diameter ratios and the

lower tendencies for small-diameter columns to form short-circuiting channels in the resin.

Based on the K values calculated above, a conservative extrapolation of the data suggests that a
three-bed system with approximately 18 minutes of contact time should allow achievement of 8 pCi/L

90Sr in the effluent.

Run 2 processed a total volume of 1,448,559 L (382,670 gal), or 3,198 By, of groundwater. The
mass amount removed by the lead columns is calculated as described above for Run I and is
presented in Table 3-1. In addition, the mass removed by the system is presented in Table 3-3.

3.1.1.2 216-BY Cribs. Based on Beck's work (WHC 1994) with Dowex 21K resin on groundwater
containing chromate, nitrate, and uranium, Dowex 21K was selected for use for the 200-UP-1
pilot-scale treatability test. From the results of the Treatability Test Report for the 200-UP-1
Operable Unit - Hanford Site (DOE-RL 1995a), Dowex 21K demonstrated good removal of 99Tc, to
saturation of the lead ion-exchange column at approximately 2,600 By. The loading curve
demonstrated sharp breakthrough beginning at between 1,800 to 2,000 By. It appeared that the
Dowex 21K favored uranium over technetium, but there is no uranium at the BY-Cribs. Therefore, it
was expected that Dowex 21K would process approximately 5,000 BV before saturation/
breakthrough.

Table C-6 (Appendix C) presents 'Co and 9flTc data from the first, or lead, ion-exchange column of
the BY-Cribs pilot-scale treatment system. The average inlet 'Co and 'Tc concentrations were
154 pCi/L "Co and 9,008 pCi/L 99Tc, respectively. The average treated effluent concentrations from
the lead column were less than 38.1 pCi/L 'Co and164 pCi/L 99Tc, respectively. This results in an
average removal efficiency of greater than 75 % for 'Co and 98 % for "Tc for the lead ion-exchange
column. The offsite 60Co detection limit was 10.5 pCi/L; therefore, 'Co removal efficiency may be
on the order of 93.2 %. A total volume of 1,426,200 L (376,760 gal), or 3,014 By, of groundwater
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was processed without reaching saturation or breakthrough, although the data plot (Figure 3-7)

indicates some amount of breakthrough. The mass ofBOCo and wTc removed during the treatability

test by the lead column and the whole treatment system is presented in Tables 3-1 and 3-3,

respectively. It can be seen that Dowex 21K is capable of providing a discharge that meets or is

lower than the MCL targets of 200 pCi/L rOCo and 4,000 pCi/L ''I'c.

As noted, the 60Co results from the lead column effluent (Table C-7, Appendix C and Figure 3-8)
were reported as less-than values, below the detection limit of the 222-S Laboratory. Offsite
detection limits are between 10 and 20 pCi/L. Using the data in Table C-7 (Appendix C), the "Co
removal effectiveness would be 75.3%; but using the offsite data point of 10.5 pCi/L, 'Co would
result in a 93% removal.

In the treatability test plan (DOE-RL 1995c), it was hypothesized that the cobalt in the groundwater
might be complexed with cyanide in a metal-cyanide complex to form an anion rather than the cobalt
cation. Because the cobalt was readily adsorbed on the anion resin, Dowex 21K, it is certain that the
cobalt was in anionic form, and most probably in the cobalt-cyanide complex, as was previously
hypothesized. However, because no analyses for cyanide were performed as it moved through the
treatment system, there is no indication of the complex. Analysis of the resin from the lead ion-
exchange column at the end of the campaign indicates a cyanide loading of 9.8 mg cyanide per gram

of resin. Because this loading is not proportional to the 'Co that was loaded, this indicates other
anions were complexed with the cyanide, probably iron, aluminum, and zinc as indicated by
somewhat high loadings of these metals on the resin.

3.1.2 Operating Parameters

Operating parameters were monitored to refine operational requirements/procedures, assess the impact

of "other" (secondary) groundwater constituents on operational efficiency, and assess operating
parameters to optimize treatment efficiency. Because the B-5 Reverse Well system and the BY-Cribs
system were similar in design, the operating parameters were also comparable, as noted in the
following sections.

3.1.2.1 216-B-5 Reverse Well. The results of the secondary contaminants analyses (Appendix C)
show that the clinoptilolite adsorbed calcium, magnesium, and potassium, and released sodium and
iron until an equilibrium was reached. After this equilibrium was reached, the concentrations
remained fairly constant throughout the system. Samples collected around the bag filters indicate the
filters removed iron, zinc, and chloride, apparently originating from the feed tank, but released
sulfate and nitrate. The sulfate and nitrate were then absorbed by either the bone char or
clinoptilolite. Data collected immediately before the tracer test (1,850 BV) showed the bone char was
releasing iron and zinc, but the clinoptilolite was readsorbing these concentrations. Alkalinity,
fluoride, chloride, and sulfate concentrations (except data around the bag filters) remained fairly
constant throughout the test.

With the available data, it is difficult to determine whether the adsorption and/or release of the
contaminants discussed could have affected the treatment efficiency. It is possible that the calcium,
magnesium, and potassium occupied potential 'Sr sorption sites, thus decreasing the treatment
efficiency. However, closer monitoring of the secondary contaminant concentrations is needed for a
more definitive conclusion.

RL95-59. W 51IA2 3-5



DOE/RL-95-59
Rev. 0

The flow rate, tank levels, differential and point pressures, and pH were monitored hourly to ensure

that the treatment system was operated within its design parameters. The flow rate was monitored

from the extraction well, the process treatment system, and the groundwater return (injection) system.

Point pressures were measured upstream and downstream of each ion-exchange column, GAC

column, and influent (bag) and effluent (cartridge) filter sets. The differential pressure was measured

across each of these point pressures. The differential pressure across the post-column filters (in-line
between the last ion-exchange column and the GAC column) was estimated by measuring the point

pressure downstream of the last ion-exchange column and upstream of the GAC column.

The differential pressure across the filters increased as the filters became loaded with solids. The
filters were replaced when the differential pressure reached a specified reading, as follows:

• Bag filters: 207 kPa (30 lb/inZ)
• Post-column filters: 138 kPa (20 Ib/in^)
• Cartridge filters: see below.

The treated groundwater was gravity-fed from the effluent tank back into the aquifer. With clean
cartridge filters, an injection flow rate of approximately 170 L/min (45 gal/min) could be maintained.
A 57- to 76-L/min (15- to 20-gal/min) decrease in flow rate was an indication that the filters were
loaded, and was, therefore, used as the criterion for filter replacement.

Extraction rates averaged approximately 106 L/min (28 gal/min); therefore, when operating at either
95 L/min (25 gal/min) (Run 1) or 57 L/min (15 gal/min) (Run 2), it was necessary to extract
groundwater only during operating hours. If circumstances arose that caused the influent tank to be at
a low level at the end of an operating day, extraction occurred overnight.

The pH was noted to increase between the extraction well and the ion-exchange columns, and then to
slightly decrease after passing through the ion-exchange columns. The average pH measured at the
extraction wellhead was approximately 7.69, increasing to approximately 8.13 before the ion-
exchange columns, and decreasing to approximately 8.04 at the ion-exchange columns effluent, before
the GAC column. Sufficient sampling of secondary contaminants was not performed with which to
determine the cause of the pH variations, which could be due to a variety of factors, including the pH
probes. For example, removal of some cations or anions (and even alkalinity) from solution is known
to affect the effluent from an ion-exchange column. Additionally, removal of the cations or anions
from the resin in the ion-exchange process itself is known to affect the pH of the discharge.

Various problems were encountered while backwashing the clinoptilolite columns. The problems are
detailed in the site logbook, kept while backwashing the columns before starting Run 2. This log
provides the record for this discussion. Similar problems were experienced when backwashing before
Run 1, but a detailed log was not available to support a separate discussion. Backwashing is designed
to remove the fines contained within the media and to grade the media with respect to density and/or
size. The system was configured so that the backwash water, pumped from the effluent tank, ran
through the column (bottom to top), through a portable rotameter, through the influent bag filters, to
the feed tank. The bag filters were used to remove the clinoptilolite fines that had been washed from
the column so that the feed tank would not be overburdened with solids. A flow rate of
approximately 1,893 L/min (500 gal/min) was specified by the clinoptilolite manufacturer for
backwashing. The pilot-scale system had not been designed for this high flow rate as it was not
designed for using clinoptilolite as the ion-exchange media. Because of high differential pressures
across the bag filters, the backwash flow rate had to be maintained at a low level, averaging
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approximately 30 L/min (8 gal/min) (measured at the rotameter). The bag filters had to be replaced
seven times during backwashing of each of the clinoptilolite column to relieve the high differential
pressure still induced by the approximately 30-L/min (8-gal/min) flow rate. Once the water passing
through the rotameter appeared to be clear, the backwashing was stopped. Backwashing the two
columns took a total of 5 days. Although it was evident that a completely thorough backwash could
not be performed given the physical characteristics of clinoptilolite, the job was considered sufficient
given the time constraints of Run 2.

The operational problems experienced after the backwashing of the clinoptilolite were further evidence
that fines were not removed during backwashing. The post-column filters had to be replaced ten
times, and the bag filters were also replaced once within the first four days of operation because of
high differential pressures. The frequency of filter changes then decreased for the remainder of the
test.

3.1.2.2 216-BY Cribs. The results of the secondary contaminants analyses (Appendix C) show that
the Dowex 21K adsorbed iron, zinc, and copper. However, the other contaminant concentrations
remained fairly constant throughout the test, indicating that they had little or no effect on treatment
efficiency. Although it appears the adsorption of the iron, zinc, and copper did not affect the
treatment efficiency, it is difficult to reach a definitive determination with the available data. Closer
monitoring of the secondary contaminant concentrations is needed for a definitive conclusion.

The flow rate, tank levels, differential and point pressures, and pH were monitored hourly to ensure
that the treatment system was operated within its design parameters. The flow rate was monitored
from the extraction well, the process treatment system, and the groundwater return (injection) system.
Point pressures were measured upstream and downstream of each ion-exchange column, GAC
column, and bag and cartridge filter sets. The differential pressure was measured across each of these
point pressures.

The differential pressure across the filters increased as the filters became loaded with solids. The
filters were replaced when the differential pressure reached a specified reading, similar to that at the
B-5 Reverse Well bag filters [207 kPa (30 lb/in') for cartridge filters]. A 57- to 76-L/min (15- to
20-gal/min) decrease in flow rate was used as a criterion for cartridge replacement.

Treated groundwater was originally pumped from the effluent tank into a truck, which then delivered
the water to the injection well. A hose was later installed that gravity-fed the treated groundwater
from the effluent tank to the injection well. An injection flow rate of approximately 95 L/min
(25 gal/min) was maintained.

The extraction flow rate was the limiting factor at the BY-Cribs. The flow rate averaged
approximately 13.2 L/min (3.5 gal/min), so the system had to be operated on a batch-like processing
schedule. Approximately 15,100 L (4,000 gal) was processed each day with the extraction pump
running continuously. Well maintenance activities identified minor biofouling on the well pump.
However, the minimal extent of the biofouling was not considered to be a contributing factor to the
low extraction rate. No significant increase in production rate was noted following well maintenance.

Water at the extraction wellhead, bag filter effluent, and ion-exchange column effluent was monitored
for pH. The pH averaged approximately 7.7 at the wellhead, approximately 7.8 after the bag filters,
and remained relatively constant after passing through the ion-exchange columns.
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No problems were experienced while backwashing the Dowex 21K. The manufacturer specified a

backwash flow rate of approximately 3 gal/min/ft', which equated approximately 102 L/min

(27 gal/min). This flow rate was maintained until the backwash water was clear, which took
approximately 30 minutes.

3.1.2.3 Resin Disposal. During the early years of Hanford operations, process waste containing

significant quantities of uranium was stored in the existing 241-Tank Farms. To reduce tank

construction requirements and to recover this uranium, the Uranium Recovery Program (URP) was

initiated at the 221/244-U Buildings. This recovery process extracted most of the contained uranium

but also concentrated significant quantities of fission products in the effluent returned to the tank

farms. Evaporators in the Uranium Recovery Process and at the T and B Tank Farms were not able

to keep up with the processing rate, and there was a net loss in tank space (Anderson 1990). An
in-plant scavenging process that added potassium ferrocyanide to waste stream before going to the BY
Tank Farms was included in post-September 1954 waste treatment operations.

Liquid effluents sent to the 241-BY Single-Shell Tank Farms prior to in-plant fission product removal
were transferred to the 241-CR Vault for ferrocyanide scavenging. Upon return, the waste was
cascaded through a three-tank system with most of the precipitated cesium dropping out in the first
tank. Overflow liquids were then discharged to the soil column at the BY-Cribs through the 216-B-43
to 216-B-49 Cribs between November 1954 and December 1957. Subsequent discharges were made
at the BC-Cribs

Cobalt-60 was not recognized in the groundwater until January 1956 when it was detected in
groundwater samples near the BY-Cribs (Thomas et al. 1956). The presence of 'Co in the
groundwater was surprising as it was generally known to readily sorb onto soils and to be
significantly retarded in moving through the soil column. Cobalt was assumed to have complexed
with a large molecule or to exist in a nonionized form. Cyanide is highly mobile in groundwater, and
soil and was present in the waste solutions discharged to the BY-Cribs (Thomas et al. 1956). By the
time 'Co had been detected, the BY-Cribs had been closed to further waste discharges because of
high "Cs concentrations reported in the same timeframe. 'Tc was not detected in the groundwater
until 1985 (Law et al. 1986). Contaminant plume data are presented in Table 1-1.

Spent resins removed after treatability testing were drummed, sampled, and analyzed for target
contaminants, metals, anions, volatile and semivolatile organics, mercury, polychlorinated biphenyls,
and radionuclides. Based on the presence of radionuclides, all resins were given waste designations
of "low-specific activity" and are suitable for burial onsite. Current plans call for disposal at the
Environmental Restoration Disposal Facility when that facility opens in 1996. Cyanide was removed
by DOWEX 21K and was found to be present at 10 times the concentration expected from the EOCo
found in the resins. This suggests that other forms of cyanides are present in the groundwater than
the 'Co ferrocyanide complex alone.

3.1.3 Resource Requirements

Cost and manhours expended are presented in Table 3-4. The following is a summary of these costs.
Total operational costs are $3,571.5K from September 1994 through June 1995. Total project cost
from March 1994 to June 1995 is $5,555,300. Indirect charges amounted to 29.3% of the total
budget. Additional expenses were incurred for other 200-BP-5 activities.
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3.1.3.1 Operations. Total operational costs accounted for approximately 44.4% of the total
operational budget expended through June 1995. The major contributors in the operational costs were
from exempt employee charges, personnel assigned to operate the system, analytical expenses, and
miscellaneous expenses (see "other" in Table 3-4). Actual costs from operations of the systems
during the months of mid-January to May 1995 are approximately 30.6%. With mini-column tests
included, field activities encompassed 53.6% of the operational budget. The miscellaneous charges
include rental charges for the support trailer and generator, fuel charges, and miscellaneous support
from WHC Site Services.

3.1.3.2 Analytical Costs. Analytical costs total only 6.9% of the total operational budget through
June 1995 for pilot system operations. With mini-column testing, analytical costs reached 13.1 % of
operational budget. This does not include labor and materials for sample acquisition. Analytical
costs related to tank cleanout and geosciences accounted for an additional 1.5% of operational budget.
This reflects the emphasis placed on process control using onsite (222-S Laboratory) analytical
support rather than offsite laboratory analysis. Also, not all analytical cost have been accrued for
samples submitted through May. There is a lag time for these charges to be billed by the offsite
laboratory and accrued on the cost account.

3.1.3.3 Waste Management. Waste management costs tracked through June 1995 are minor but
have not completely accrued. The costs for disposal of some, but not all, spent resins are valued at
1% of operational budget. Sample costs for waste designation are contained with each system's
operational analytical subheading.

3.1.3.4 Engineering, Design, and Construction. The design and construction of the treatment
system accounts for 35.7% of the total FY 1994 and FY 1995 budget expended. The majority of the
material costs for construction are actually accrued under the miscellaneous category because the
items were purchased by a site contractor tasked with this function, but some materials were
purchased by the Design Engineering task.

3.1.3.5 Maintenance and System Standby. Cost breakout between the two categories is difficult to
separate due to the funding of craft support by supplemented Work Order for much of FY 1995.
Total craft support comprised 4.2% of the operational budget. This covers the costs of tank cleanout,
winterization, and regular maintenance, which is a small portion of this category. Based primarily on
labor and indirects, additional costs incurred by delays to the two systems operations amounted to
13.8% of the operational budget.

3.1.3.6 Project Management. Project management expenditures account for 10.2% of the total
expended budget. The majority of the costs accrued come from exempt labor charges and
miscellaneous support charges (see "other").

3.1.3.7 Project Support. Project support covers technical labor support for multiple aspects of the
treatment systems' operations in FY 1995. Higher burn rates are noted during months for tank
cleanout and winterization. Project support for FY 1994 is contained primarily within the Design
Engineering heading. FY 1995 project support accounts for 15.8% of the operational budget.

3.1.3.8 Groundwater Characterization. Costs associated with performing preoperational and
operational geohydrologic tests amount to 3.9% of the operational budget. This includes FY 1994
fitness-for-use testing, sonic push activities, tracer tests, and additional groundwater
sampling/analysis. Labor associated with the tracer tests is included under operations.
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3.2 LABORATORY-SCALE TESTS

As discussed in Section 2.2.3, laboratory-scale tests consisted of resin selection tests, batch

equilibrium tests, and mini-column tests. The results of these tests are presented in the following

sections.

3.2.1 Resin Selection Tests

Samples of groundwater were collected in late June 1994 from wells in the B-5 Reverse Well and
BY-Cribs plume and sent to the IT Corporation Laboratory in Knoxville, Tennessee. The samples

were characterized with the following results:

• B-5 Reverse Well:

• BY-Cribs

90Sr = 11,400 pCi/L
"'Cs = 2,550 pCi/L
239a40 pu = 20.1 pCi/L

9flTc = 1,480 pCi/L

'Co = 28.3 pCi/L
Cyanide = 149 ppb
Nitrate = 20.3 ppm.

3.2.1.1 216-B-5 Reverse Well Groundwater. A series of batch equilibrium tests was performed to
evaluate Rohm and Haas IRC-718 ion-exchange resin: two sources of bone char (Resintech and a
sample procured for use in the B-5 pilot-scale treatment system - TIGG Corporation), and two sources
of clinoptilolite (Resintech and American Resources Corporation) by IT Corporation on characterized
samples of B-5 Reverse Well groundwater. The results of those tests are presented in Table C-10
(Appendix Q. Isotherm plots are shown in Figures 3-9 through 3-17.

IRC-718 is a chelant-based cation-exchange resin that was tested on the B-5 Reverse Well
groundwater. This resin has a preference for the heavy metal, multivalent cations. Results for
cesium, plutonium, and strontium are shown in Table C-10 (Appendix C), and an isotherm plot for
90Sr is shown in Figure 3-9. The isotherm data show that this resin had little affinity for cesium and.
at the lower doses, strontium was not removed. Strontium was probably displaced from the resin by
other cations (calcium, iron, magnesium, and other metals) that were more strongly adsorbed or
present in higher concentrations. Cesium is a monovalent cation that was not expected to adsorb on
this resin. Plutonium loading data were not consistent, and the IRC-718 showed no loading capacity
at concentrations below 7.7 pCi/L, which indicates that meeting the MCL criteria of 1 to 2 pCi/L
would be difficult with this resin. No isotherm plots are presented for "'Cs and 239121pu loading on
IRC-718.

Bone char has been used in the 200 Area processing plants to remove plutonium from wastewater and
was expected to have some capacity to remove strontium. As shown on the data summary and
isotherms, the Resintech bone char did not work very well on strontium or cesium, although it was
fairly effective on plutonium. Isotherm tests were also repeated on a sample of the actual bone char
(TIGG/Tate & Lyle) that was to be used in the pilot test. The pilot plant (Hanford Site) bone char
was coarser than the Resintech material. The results of these tests are shown in Table C-10
(Appendix C), and isotherm plots for plutonium loading are shown in Figures 3-10 and 3-11.
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Isotherm tests were also conducted on acid-washed bone char to determine if strontium removal could
be increased. The purpose of the acid wash was to clean the surface of the bone matrix (calcium
hydroxy apatite) and, it was hoped, increase its activity. Results of this testing indicated no
improvement in strontium removal.

The plutonium isotherm for the Resintech bone char (see Figure 3-11) showed that the loading at
7 pCi/L was higher than at 16 pCi/L. This was not expected, and the last data point is suspect.
Splitting the difference on the last two points and extrapolating to the inlet groundwater concentration
of 20.1 pCi/L plutonium would yield a saturation loading of 38 pCi/g of bone char. Based on 75%
of saturation as the effective bed loading capacity, this results in a run length of 1,007 BV . A more
conservative loading of 26 pCi/g (actual loading equivalent to a feed concentration of 6.88 pCi/L)
resulted in an expected run length of 688 By. Extrapolation of the Hanford Site bone char isotherm
gives a predicted saturation loading of 42 pCi/g, which translates to a run length of 1, 113 BV.

Clinoptilolite is a naturally occurring zeolite that removes contaminants by both cation exchange and
adsorption because of its molecular sieve properties. It was tested on the B-5 Reverse Well
groundwater. The first batch of clinoptilolite, from Resintech, was a high-calcium clinoptilolite. It
showed good adsorption for cesium, but tailed off at the high doses and had poor capacity for
strontium. A second batch, from AmReC, had a much higher capacity for strontium and better
cesium removal at the low concentrations. This is not unusual, because clinoptilolite deposits from
different mines vary in their composition and adsorptive capacity. These results are shown in the data
summary (see Table C-10, Appendix C), and isotherm plots (Figures 3-13 through 3-16). Because
the loading capacity of the bone char for plutonium was not as high as expected, a series of batch
equilibrium tests, designed to produce a plutonium isotherm on the AmReC clinoptilolite, were added
to the test program. This isotherm showed that the AmReC clinoptilolite has poor loading capacity
for plutonium.

At the lowest dose used in the AmReC clinoptilolite isotherm tests (0.2 g clinoptilolite/L of reverse
well groundwater), cesium loading was 11,195 pCi/g of clinoptilolite. Extrapolation of the
cesium/clinoptilolite isotherm to the inlet concentration (Co) of 2,550 pCi/L would result in a very
high saturation loading (- 48,000 pCi/g). To be conservative, an effective bed loading of
18,750 pCi/g was assumed, which was only 50% higher than test loading at an equilibrium
concentration of 232 pCi/L. This resulted in a predicted run length of 6,470 BV for cesium
breakthrough. Extrapolating the strontium isotherm gave a bed saturation loading of 47,000 pCi/g of
clinoptilolite or an effective bed capacity of 35,250 pCi/g. This resulted in a predicted run length of
2,700 BV for full loading of strontium. Early breakthrough of low levels of strontium are expected
because of low loading at concentrations less than 500 pCi/L. Plutonium was not effectively adsorbed
on the clinoptilolite.

3.2.1.2 216-BY Cribs Groundwater. Batch equilibrium tests were performed on characterized
samples of BY-Cribs groundwater to evaluate the ability of Dowex 21K ion-exchange resin to remove
'Tc. The results of those tests are presented in Table C-11 (Appendix Q. Isotherm plots are shown
in Figure 3-17. Technetium-99 was present in the initial BY-Cribs groundwater at 1,480 pCi/L,
which is above the IRM limit of 900 pCi/L. If the isotherm is extrapolated to the inlet groundwater
concentration of 1,480 pCi/L, a saturation capacity of 13,500 pCi/g resin is predicted. Based on
achieving 75% of saturation loading, the expected run length would be 4,400 By.

3.2.1.3 Clinoptilolite Flow-Through Column Tests. In the laboratory-scale flow-through column
testing conducted at IT Laboratory in Knoxville, Tennessee, a 1,000 BV column test with a single
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column using clinoptilolite was completed. It confirmed that low levels of strontium rapidly bleed

through the column. All strontium analyses for this flow-through column study were conducted as

total strontium by GFAA. Removal efficiency for total strontium and 'Sr should be equivalent. Data

from this study are shown in Table C-12 (Appendix C) and Figure 3-18. Initial column effluent

contained 1 ppb of strontium, which is 99.4% removal (based on 155 ppb feed). At 500 By, effluent

strontium was 10 ppb (93.5% removal). At 1,000 By, effluent was 21 ppb, which is 86.5%

removal. Average effluent over the 1,000 BV was about 10 ppb (735 pCi/L). Clinoptilolite (in a

single-stage column with a 7.33-minute empty-bed contact time) was not able to get strontium down

to the 8-pCi/L (0.11-ppb) DWS. A two-stage system or column with higher contact time should be

more effective. Isotopic dilution may also improve removal in a second-stage column. A two-stage

system with isotopic dilution might give 1,200 to 1,500 BV with 98% removal of strontium (effluent

2.5 ppb or 184 pCi/L).

Cesium in the column effluent was less than 50 pCi/L after 1,000 By. Samples of the column
effluent showed plutonium at 16.8 pCi/L after 500 BV and at 20.8 pCi/L after 1,000 By. This
shows rapid breakthrough of plutonium and clinoptilolite's lack of affinity for plutonium.

3.2.2 Batch Equilibrium Tests

Batch equilibrium tests are performed at varying dose rates of adsorbent (generally two or more) to
provide equilibrium loading data with which to predict the adsorption of constituents from solution.
The models proposed by Freundlich and Langmuir are commonly used (Freundlich 1926,
Langmuir 1918). The most commonly used model is the Freundlich adsorption isotherm:

X = KCm
m

where

x = mass of constituent adsorbed (adsorbate) on solid phase, pCi

m = mass of solid (adsorbent) being used for adsorption, g
C = equilibrium concentration of residual groundwater sample, pCi/L

I/n = an empirical exponent used to linearize the data (Freundlich 1926)
K = a constant, sometimes called the Freundlich adsorption coefficient

In log form the equation becomes:

log X= 1(log C) + log K
m n

which is in the form: y = nix + b.

Plotting the log of x/m versus the log of C should provide a straight line with the intercept of log K
and 1/n the slope of the straight line isotherm curve.

Freundlich (1926) proposed that the amount of a solid, or a gas, adsorbed per gram of adsorbing
material would be proportional to the equilibrium concentration (for a solid), or the equilibrium
pressure (for a gas), raised to some fractional exponent. The Freundlich isotherm, albeit empirical, is
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used to linearize batch equilibrium data as straight line curves when plotted on log-log graphs. These
curves then can be used to compare the results of different adsorbents for the intended use.

In addition to the information discussed in evaluating the results of batch equilibrium test data,
isotherm plots provide the following:

• The slope of the straight line gives a general indication of an adsorbent's ability for use in
either a batch or column operation. Steeper slopes indicate good adsorption from solutions
at higher concentrations, but not at lower ones; they also indicate higher capacity and better
suitability for flow-through column operation. More gradual slopes indicate more even
adsorption over the entire range of concentration of the solution, and the ability to achieve a
high-quality effluent, or low concentration of ion in the effluent, may be better suited for
batch operations depending on the requirements.

• The curve can be projected to intersect a vertical line constructed at the initial concentration
(Co) of the groundwater sample to give an approximate loading capacity of the adsorbent for
the contaminant.

3.2.2.1 Second Group of Batch Equilibrium Tests. The test program for this work is described in
Workplan and Procedures for Bench-Scale Testing of Potential Adsorbents for the 200-BP-5
Groundwater Operable Unit (BHI 1995e). Six adsorbents were evaluated in this test. Results of the
second group of batch equilibrium tests, performed at the B-5 Reverse Well, are summarized in
Table C-13 (Appendix C), and plots of strontium adsorption isotherms are shown in Figures 3-19,
3-20, 3-21, and 3-22. Isotherm plots are presented for only four of the adsorbents showing adequate
90Sr removal (UOP A-51, clinoptilolite, IRC-718, and UOP E-95). In addition, cesium and plutonium
data were not plotted because the emphasis of this test was to find a strontium removal adsorbent.
The six adsorbents in this test included UOP A-51, UOP E-95, IRC-718, Durasil 230, bone char, and
clinoptilolite. The batch equilibrium tests were conducted with the addition of varying amounts (0.2,
2, and 5 ppm) of SrCIZ as a source of nonradioactive strontium. The addition of strontium chloride is
an isotopic dilution technique that increases the total strontium levels to increase the driving force for
mass removal on an adsorbent. If there is sufficient elemental strontium present in the groundwater,
there may be sufficient driving force for adsorption. However, the target end concentration of 8
pCi/L of 'Sr only represents a mass concentration of 5.67 x 10 e ppb of strontium. Addition of
nonradioactive strontium greatly increases the mass loading and in theory should promote adsorption
of the radioactive as well as the nonradioactive strontium. Clinoptilolite was also evaluated without
the addition of SrCIZ, and the results are plotted in Figure 3-20 with the other clinoptilolite data
Bone char was evaluated to determine whether it was a good choice for plutonium removal. The
plutonium data were not plotted as an adsorption isotherm because the residual =39'zwPu concentrations
in the batch equilibrium tests were below the detection limit for plutonium and would not provide a
representative curve.

The MCL, or 4% of the derived concentration guides, for "Cs, """OPu, and 'Sr are 120 pCi/L,
1.2 pCi/L, and 8 pCi/L, respectively. The detection limit for plutonium analysis at the 222-S
Laboratory is above the MCL, generally ranging around 4.5 to 8 pCi/L, because of the high
background in the laboratory. The detection limit at offsite laboratories is much better (to
< 1 pCi/L), but the turnaround time (15 to 45 days) did not provide a timely response and costs were
prohibitive.
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In the absence of adsorption isotherm plots, batch equilibrium data still provide significant
information. In evaluating the results of batch equilibrium tests, the lower dose levels (i.e., 0.2 and
0.4 g/L) give a good approximation of the loading capacity of an adsorbent. The higher dose levels
give an indication of the ability of the same adsorbent to achieve a high-quality effluent, assuming
kinetics are not a factor (assumes that the adsorbent and the liquid are in equilibrium in the batch
test). As can be seen from the plutonium data in Table C-13 (Appendix C) for bone char, the lower
dose of 0.4 g/L resulted in a range of plutonium loading between 22.2 to 35.7 pCi/g, and the bone
char was able to achieve less than 4 to less than 6 pCi/L residual 239/2wPu. Two other adsorbents
indicated good plutonium removal values. UOP A-51 resulted in a plutonium loading of I 1 to
12 pCi/g and a residual 231/210pU concentration ranging from less than 4.6 to less than 7.3 pCi/L at the
higher doses; IRC-718 resulted in a plutonium loading of 26.9 to 29 pCi/g and a residual
concentration ranging from less than 3.8 to less than 7.3 pCi/L.

From the batch equilibrium data and 'Sr adsorption isotherm plots for UOP A-51 and IRC-718 (see
Figures 3-19 and 3-21), it appears both have the ability to achieve a high-quality effluent, resulting in
a low average residual 'Sr concentration of 7 and 4.7 pCi/L, respectively, at the higher doses of
adsorbent. Interestingly, the IRC-718 achieved an average 4.7 pCi/L concentration at a 4-g/L dose as
well. This would be an indication that IRC-718 might be capable of achieving low concentrations
over a range of concentrations as described previously. The UOP A-51 isotherm has a steeper slope,
indicating that it might be better suited for column operation. Strontium chloride addition appeared to
depress the loading capacity of the UOP A-51 (see Figure 3-19), as witnessed by a decrease in the
slope of the isotherm plot. However, SrCI: appeared to improve the loading capacity of the IRC-718
(see Figure 3-21). IRC-718 isotherm did have a shallower slope than UOP A-51, indicating that it
might be better suited for batch operation. From these data, both IRC-718 and UOP A-51 appear to
be good candidates for 'Sr removal.

The UOP E-95 and clinoptilolite results are similar in that both achieve residual 'Sr concentrations
between 40 to 60 pCi/L at the higher doses of adsorbent. The isotherm slopes are similar, and SrCl:
appears to interfere with 'Sr loading. Referring to the isotherms (see Figures 3-20 and 3-22) it can
be seen that the lowest strontium chloride dose of 0.2 ppm provided the lowest "Sr concentrations.
Both adsorbents might be good for column operation, but would require some type of polishing step
to achieve a low 'Sr concentration. Figure 3-20 also shows the isotherm plot for clinoptilolite where
no SrC12 was added; it falls between the 2- and 5-ppm plot, which seems to indicate that a SrCl,
addition of 0.2 ppm might improve 'Sr removal for clinoptilolite.

Durasil 230 was tested to evaluate its potential for cesium removal. Table C-13 (Appendix C) shows
that Durasil 230 is comparable to clinoptilolite for 'Sr and "Cs removal. The Durasil resulted in an
average residual 'Sr concentration of 54 pCi/L and an average 'Sr loading of 3,075 pCi/g. The
results for Durasil regarding "Cs indicate an average residual "'Cs concentration of 57 pCi/L and an
average "Cs loading of 3,155 pCi/g. The addition of strontium chloride had little affect on "'Cs
removal by Durasil 230.

3.2.2.2 Third Group of Batch Equilibrium Tests. This third group of batch equilibrium tests were
conducted to determine the following:

• If lowering the pH by two points would improve/affect the removal of 'Sr
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• If the addition of SrCI2 in a test simulating column operation, where the addition of SrCI, is
added to the second column (or in the case of this test, the second part of batch Test 2b,
described below) would improve 'Sr removal.

The results of the third group of batch equilibrium tests are summarized in Table C-14 (Appendix C)
and plotted as adsorption isotherms in Figure 3-23.

In Test la, the batch equilibrium tests were run at the normal pH of the feed groundwater,
approximately 8.3. In Test lb, the pH was adjusted to 6.3 with 20% hydrochloric acid to determine
the effects of lower pH on the adsorption of 'Sr. The final pH of the solutions was measured before
sampling. The pH had increased by approximately 0.5 pH (nominally 8.5 to 9) in Test la and 1.5
pH (nominally 7.5 to 8.0) in Test lb. It was noted that the higher clinoptilolite doses caused a higher
terminal pH, and that the higher doses also required more acid to lower the pH. This is probably due
to the highly alkaline nature of the clinoptilolite because of relatively high concentrations of calcium,
magnesium, sodium, and potassium oxides. In addition, the groundwater has an alkalinity of
approximately 100 ppm.

In Test 2a, the batch equilibrium tests were run at two dosages, 2 and 20 g/L, and then sampled. In
Test 2b, the residual solutions from Test 2a were combined, and fresh clinoptilolite in doses of 2 and
20 g/L were added to the appropriate previous doses of 2 and 20 g/L. Then, 0.26 ppm (as strontium)
SrCI2 was added to each beaker and placed back on the stirrers for another 24-h contact.

The results for Test 1 indicate that lowering the pH reduced the clinoptilolite's ability to achieve a
low effluent concentration. At the 20-g/L dose, the average residual 'Sr concentration of the normal
pH batch test was 24.4 pCi/L, whereas the average residual concentration at the lower pH was
46.9 pCi/L. The slopes of the adsorption isotherms, as shown in Figure 3-23, are similar, except the
curve for the lowered pH batch test is depressed. However, the 'Sr loadings at the 0.2-, 2-, and
20-g/L,doses are very close, averaging 3,012.5 pCi/g at the 0.2-g/L dose, 2,061.2 pCi/g at the 2-g/L
dose, and 237.3 pCi/g at the 20-g/L dose. Projecting the two curves to the initial concentration, C,
of 4,780 pCi/L, and reading from the Y axis (90Sr loading) would indicate that the equilibrium
capacity of approximately 3,000 pCi/g was reached.

Test 2, at longer contact and with addition of SrC12, had curious results. Test 2a was like Test la,
except only two doses (2 and 20 g/L) were run having similar results (2,514.5 pCi/g and 275 pCi/g at
the 2- and 20-g/L doses, respectively). In Test 2a, the feed 'Sr increased to 5,395 pCi/L with
different results from Test la (which was 4,780 pCi/L). The 20-g/L dose was not able to achieve the
low residual concentration of Test la (62.4 versus 24.4 pCi/L). Furthermore, the slope of the
isotherm plot increased significantly. In Test 2b, the higher dose (60 g/L) indicated the ability to
achieve a lower effluent concentration, although not as low as the normal pH batch of Test la. The
curious observation is that the loading for both the 6- and 60-g/L doses is nearly the same at
approximately 850 pCi/g, which seems to indicate that a longer contact or the addition of SrClz does
not improve the loading; in fact, some metathesis or desorption may have been occurring.

3.2.3 Flow-Through Column Tests (Mini-Columns)

To adequately evaluate the effectiveness of an ion-exchange treatment system, it is desirable to obtain
multiple sets of performance data. This can be accomplished in a short period of time by performing
small-scale ion-exchange column tests. The objective is to process sufficient volumes of contaminated
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groundwater to load the adsorbent bed to saturation (where the column effluent equals the influent)

two or three times to obtain sufficient data. These data then can be used to obtain the shape of the
breakthrough curve, the amount of contaminant(s) that can be removed, and the volume of
groundwater that can be processed. When the volume of groundwater processed in either pilot-scale

or mini-column tests is converted to bed volumes and the flow rate to bed volumes per unit of time,

the data can be directly related, compared, and used to scale-up to larger sized systems. For this test,
mini-column data were also intended to supplement data collected from the pilot-scale system, since it

was anticipated that breakthrough in the pilot-scale system beds would not occur within the desired
time frame. To achieve breakthrough data more quickly than with the pilot-scale system,
mini-columns were run 24 h/day.

Small-scale flow-through ion-exchange column, or mini-column, tests were performed at both the
B-5 Reverse Well site and the BY-Cribs site. Two groups of mini-column tests were performed at the
B-5 Reverse Well site. The first group of tests was intended to perform the following:

Test MCT-1 was to provide supplemental loading and breakthrough data from a flowsheet
comparable (i.e., same contact time) to the pilot-scale treatment system (a bone char colutnn
followed by a clinoptilolite column followed by a clinoptilolite column in a series-flow
arrangement) for the removal of "'Cs, 239'240Pu, and 'Sr

Test MCT-2 was to evaluate a strontium dilution method for enhancing the removal of 'Sr
with the addition of SrClz.

From the results of the first group of tests, it appeared that the flowsheet was capable of good
removals of137Cs and 239240Pu, but 90Sr removals resulted in an effluent that was still higher in
concentration than the target MCL of 8 pCi/L. The emphasis of the second group of tests focused
primarily on 'Sr removal to accomplish the following:

Evaluate whether longer contact times on clinoptilolite would improve 'Sr removals
(Test 2MCT-2)

Evaluate an alternate adsorbent (UOP A-51) that had demonstrated good °0Sr removals in the
batch equilibrium tests described above (a bone char column followed by a clinoptilolite
column followed by a UOP A-51 column) (Test 2MCT-3)

Continue the non-SrC12 addition test from the first group of tests to achieve either saturation
with respect to 'Sr or breakthrough of "Cs (Test MCT-1 continued).

One group of mini-column tests was performed at the BY-Cribs site using Dowex 21K ion-exchange
resin. Because it appeared that the pilot-scale treatment system would not be able to reach saturation
for 'Tc or 'Co, supplemental loading data needed to be obtained by performing two mini-column
tests. Both mini-column tests were run at the same contact time of the pilot-scale treatment system
(-5 min per column) in a two-column (lead and polish column series-flow arrangement)
configuration.

3.2.3.1 216-B-5 Reverse Well Group 1. Because it appeared that 'Sr would be the most difficult
contaminant to remove, the emphasis of both groups of mini-column tests performed at the
B-5 Reverse Well site was to evaluate/enhance the effectiveness of clinoptilolite for the removal of
'Sr. However, it was also necessary to obtain data to supplement the pilot-scale treatment system on
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effective 137Cs and 239'2'°Pu removals. These data were obtained during the operation of the first
group of mini-column tests. In addition, during the second group of mini-column tests, as described
above, "Cs data were collected to look for either breakthrough of "Cs or saturation of 'Sr.

The results of the first group of B-5 Reverse Well site mini-column tests (MCT-1, MCT-2) are shown
in Tables C-15 and C-16 (Appendix C) and plotted in Figures 3-24 through 3-29. Tables C-17 and
C-18 (Appendix C) and Figures 3-30 through 3-33 give the results for the second group of tests
(2MCT-2, 2MCT-3). All mini-column sample analysis results are reported in Appendix C.

Data reported in the tables are organized by bed volume and sample port. Sample ports are
distinguished by the first and second numbers in the labels (e.g., "MCT-1-1" means mini-column test
one, sample port one) (see Figure 2-1 for locations of sample ports).

Blank spaces in the tables and missing points on the curves are a result of missing or lost data. As
previously discussed, some samples analyzed by the 222-S Laboratory were below the laboratorv
detection limits. The detection limits averaged approximately 60 pCi/L for "'Cs, approximately
10 pCi/L for 239'2"OPu, and approximately 4 pCi/L for 'Sr. Data below the detection limit are shown
with a°<" (less than) in the column to the left of the data in the tables. These data do not present a
precise picture of removal effectiveness in that it cannot be determined whether the target treatment
goals were met. However, they can be used to demonstrate the general ability of the treatment
system to remove the contaminants. Offsite laboratory results, because of lower background, provide
the data necessary to show the ability to meet target treatment goals.

Because the influent concentrations of the contaminants varied, the trends of the effluent
concentrations do not always represent how the system is performing. Therefore, the results will be
presented in terms of removal efficiencies with mention of influent and effluent concentrations.
Removal efficiencies are calculated by the following equation:

(Influent - Effluent) x 100%
Influent

After processing 3,500 By, both Tests MCT-1 and MCT-2 were stopped. Review of the data
indicated that the addition of SrCIZ (in Test MCT-2) appeared to degrade the performance of
clinoptilolite for 90Sr removal. Further, because of the gradually increasing (not sharp) breakthrough
curve for both tests (MCT-1 and MCT-2), it could not be determined when breakthrough of the
clinoptilolite would occur (see Figure 3-28).

Two new tests were proposed. First, it was decided to perform a kinetic evaluation of clinoptilolite
to see if a longer ( 12-minute) contact time would improve 90Sr removal (Test 2MCT-2). Second, it
was decided to evaluate an adsorbent selected from the batch equilibrium tests, UOP A-51, in
combination with clinoptilolite in a bone char column, clinoptilolite column, and a UOP A-51 column
test (Test 2MCT-3). Third, it was decided to continue the clinoptilolite test (without SrCIZ) at the
previous contact time to see if saturation with respect to 90Sr or breakthrough of "Cs could be
achieved ( continued test of MCT-1). These tests are summarized in Table 2-7 and discussed in
Sections 2.2.3.4 and 3.2.3, 3.2.4.

Before stopping the tests at 3,500 By, the columns experienced minor biofouling by algae. While
MCT-1 operations were interrupted, algae increased, becoming visible in the standing water above
and within the top 10 cm of the clinoptilolite and in sections approximately 30 cm from the top of the
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bed in both the lead and second clinoptilolite beds. Once the test was restarted, the algae continued
to grow throughout the column, covering the clinoptilolite, column inner walls, and water above the
clinoptilolite, with algae in both the lead and second clinoptilolite columns. An increase in growth
was noticeable after a weekend, or when the test was stopped for more than a day, and as the weather
became warmer. A small (approximately 1 cm in diameter) growth was visible on the top of the bone
char bed. The algae were visible throughout the tubing of the system and continually clogged the
precolumn filter. Growth was also visible on the bottom of the mini-column influent tank after
restarting MCT-1.

The algae's growth created a back pressure in the columns, which was revealed by the pressure gauge
installed before the bone char column (see Figure 2-1). The flow rate was reduced to relieve the back
pressure. As discussed in the following paragraphs, it appeared that the only measurable effect the
biofouling had on the removal efficiency of the clinoptilolite. However, the resulting reduction in
flow rate did influence 'Sr removal. This is also discussed in the following sections.

At the conclusion of the test, a sample of the algae was obtained and dried to check for radioactivitv.
The algae was found to be emitting beta radiation at about 8,000 dpm and was concluded to be from
uptake of 'Sr. Biological organisms are known to assimilate strontium as if it were calcium or a
calcium substitute. Radiation measurements taken through the glass column in the upper region of the
clinoptilolite bed during the test indicated beta radiation levels twice that of the dried algae. To
determine if the algal growth interfered with 'Sr removal effectiveness, a comparison of the results
between two lead clinoptilolite columns of separate mini-column tests (2MCT-2, which had significant
algae growth and 2MCT-3, which had no algae growth) indicated no measurable effect. This is
evident by looking at the effluent results from each lead column (see Figures 3-30 and 3-32).

3.2.3.1.1 MCT-1 Results. The results for Test MCT-1 are presented in Table C-I5
(Appendix C) and plotted in Figures 3-24, 3-25, 3-26, and 3-27. The data presented in the table and
figures include the initial, as well as the continuation of Test MCT-1. As mentioned previously, the
initial run was terminated at approximately 3,500 By, and then continued for another approximately
4,580 BV (total of -8,100 BV). Sampling during the continuation run was intended to monitor for
90Sr saturation or "Cs breakthrough, whichever occurred first. In looking at the lead column effluent
curve (see Figure 3-24), immediately after 3,500 BV up to 4,800 By, it appears that the lead column
approached saturation for 'Sr. During this time, the test was run 24 h/day (see Figure 3-24).
Additionally, when the test was begun, it ran continuously and was sampled once per day until
reaching 1,500 By, at which time operations were reduced to 8 h/day because the test plan (BHI
1995e) called for increased sampling frequency after 1,500 By. This could only be accommodated
by running 8-h days and sampling every other day. At approximately 1,000 By, there seemed to be
a sharp "breakthrough." When the test was operated discontinuously (8 h/day), a kinetic effect
appeared in that removal of 9pSr by clinoptilolite seemed to recover after continuous operations were
stopped. In addition, at 4,800 BV and again at 6,500 By, the algal growth caused a reduction in
flow (with attendant increase in contact time of 11.5 min after 6,500 BV) and there also was a
"recovery." This "stair-step" removal/recovery effect seems to suggest that 'Sr removal by
clinoptilolite has a dependence on contact time and/or discontinuous operation, or rather, has a kinetic
dependence and may be best suited for batch operation. This also could suggest suitability for
continuous operation at a long contact time. The effluent concentration reached a low of 1,820 pCi/L
at 7,500 BV when the flow rate was reduced, resulting in a contact time of approximately 21 minutes.
Generally, the results indicate a better quality effluent when the system was run discontinuously, or in
a batch-type operation, and when the contact time was increased.
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The bone char column, as a roughing column for 'Sr, removed a significant portion of the feed `'Sr
for the first 500 By. But after 500 By, the bone char was apparently saturated and started to "leak"
small amounts of90Sr, causing somewhat sporadic results in the lead clinoptilolite column's test
results. The bone char effluent was not monitored for 90Sr during the mini-column tests because
pilot-scale test data indicated that the bone char became loaded after 500 BV and was no longer
effective.

The lead clinoptilolite bed (with help from the bone char) removed 95% of the `Sr for the first
500 By. After the bone char became saturated, the 'Sr concentration from the lead clinoptilolite
column increased to 1,060 pCi/L at 1,000 By, resulting in a removal efficiency of
approximately 75%. The removal efficiency dropped to around 70% at 1,500 BV and averaged 70%
to 3,500 By. After 3,500 By, the removal efficiency of the clinoptilolite again dropped, averaging
40% to 45% for the rest of the test. This clearly indicates that clinoptilolite cannot, with any
confidence, achieve the MCL target effluent of 8 pCi/L at short contact times.

The second clinoptilolite bed effluent, or system effluent, was monitored at the same frequency as the
lead clinoptilolite effluent during the first 3,500 By. However, because it was determined that
adequate data would not be obtained to properly determine the ""Sr breakthrough curve due to the
short duration of this test, the objective of the continuation phase of this test was to look for 'Sr
saturation (effluent equals effluent) or "Cs breakthrough. For this reason, overall system removal
data was not obtained with any regularity for this portion of this test.

The second clinoptilolite column achieved 90% 90Sr removal to 500 By, but then dropped to 74% by
1,500 BV (see Figure 3-25). The removal efficiency averaged about 75% to 3,500 BV and decreased
to between 50% and 60% by the end of the test. For the first 500 By, this provided the overall
system with fair 90Sr removals, with one data point less than 8 pCi/L. After 500 By, however, the
effluent increased sharply to an average 605 pCi/L 'Sr (a range of 305 to 768 pCi/L).

The "'Cs results seen in Table C-16 (Appendix C) show less-than-detectable values (-60 pCi/L)
from the lead clinoptilolite column (MCT-1-3 column in table) effluent except for three data points at
4,800, 6,900, and 7,700 By. The influent concentration showed a steadily increasing trend starting
at approximately 4,200 BV, yet the13'Cs removals held constant (see Figure 3-26). At 7,700 By,
there was a sudden increase in influent concentration with a parallel increase in effluent concentration
of 230 pCi/L, and the two data points after this were again below the detection limit following the
decrease in influent concentration. Regardless, no breakthrough was seen relative to "Cs after
processing 8,100 BV when the test was terminated. It appears from this that clinoptilolite is a good
adsorbent for "'Cs.

Plutonium-239/240 values were below the 222-S Laboratory detection (- 10 pCi/L) in the bone char
effluent to 3,500 By. The 7e/240Pu effluent concentration was not checked again until 8,100 BV had
been processed, and the value was still below detection. As discussed in Section 3.1.1.1, because of
high background levels at the 222-S Laboratory the detection limits for low-level analyses of
plutonium and cesium varied from day-to-day. This produced varying results. For example,
referring to Table C-15 (Appendix C) and Figure 3-27, at 3,100 By, the effluent concentration
appears to be greater than the influent. However, the effluent concentration of 35 pCi/L is below
detection limit, whereas the influent concentration of 14.3 pCi/L is a detectable value. It can be seen
that the data plot in Figure 3-27 is sporadic and indicates inconsistent data from which to draw a
conclusion.
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A sample was collected at 2,600 BV for analysis at an offsite laboratory as a QC check against the
222-S Laboratory data (these data are shown in Table C-15, Appendix Q. The 'Sr concentration
from the lead clinoptilolite column effluent from the offsite laboratory was 1,180 pCi/L, and the
corresponding value from the 222-S Laboratory was 1,120 pCi/L. The 13'Cs value from the 222-S
Laboratory from the same location was below detection ( 60.5 pCi/L), and the value from the offsite
laboratory was -1.59 pCi/L. The negative value represents a value that is less than the background
found at the laboratory. The 119rz"°Pu value from the 222-S Laboratory was less than detection
(10.7 pCi/L) and 0.742 pCi/L from the offsite laboratory. The lower detection limit of the offsite
laboratory shows that the system was capable of treating to values less than the DWS of 1.2 pCi/L
239'=40Pu and 120 pCi/L `Cs. No other offsite laboratory samples were taken for this test.

3.2.3.1.2 MCT-2 Results. This test was done to evaluate the effect of adding a 2-ppm
spike of SrC12 to each of the clinoptilolite columns for the removal of 'Sr (BHI 1995e), and was
designated as "MCT-2. Because of an error in making up the strontium solution (it was to be 80 ppm
SrC12 as strontium) plus difficulties with the metering pump, the strontium concentrations were 0.6 to
0.8 ppm instead of 2 ppm. After the total strontium was found to be low, the feed rate was adjusted,
and at 2,600 BV the feed strontium was up to 1.4 ppm. At 3,500 BV it was at 2.12 ppm.
Comparing the total strontium (0.167 ppm) with the 'Sr concentration (4,205 pCi/L, or
2.982 x 10-e ppm) in the feed groundwater shows that the 90Sr concentration is an insignificant portion
of the measured total strontium. Therefore, the 'Sr removed by the clinoptilolite in the lead column
does not affect the value of total strontium measured after the second SrCl2 addition.

The addition of approximately 1 ppm total strontium in the feed streams to the clinoptilolite columns
appeared to reduce the effectiveness of the clinoptilolite for 'Sr removal. The MCT-2 lead
clinoptilolite column effluent concentrations followed the same trends as that of MCT-1 but were
consistently about 300 to 400 pCi/L higher (see Table C-16, Appendix C, and Figure 3-28). The
removal efficiencies of the two tests were similar while the bone char was actively removing 'Sr (to
500 BV), but the MCT-2 lead clinoptilolite column effluent concentrations increased and stayed
consistently higher by approximately 300 to 400 pCi/L. Both tests were otherwise run identically.

Figure 3-29 compares overall system removals of 'Sr for the MCT-1 and MCT-2 tests. Although the
second MCT-2 clinoptilolite column removal efficiency was nearly the same as that of MCT-1, the
effluent concentration stayed consistently approximately 300 pCi/L higher than the effluent from
MCT-1 because of the higher inlet concentration.

The addition of SrC12 did not appear to affect the performance of the clinoptilolite for 13'Cs or 239/2wpU

removal. Effluent concentrations for both radionuclides were below the detection limit (-60 pCi/L
137Cs and - 10 pCi/L 219111Pu) throughout the test.

Offsite laboratory results were consistent with the 222-S Laboratory for feed =39'2'Pu. Offsite
laboratory results for a sample and a duplicate for 137Cs were 1.96 and 2.02 pCi/L, respectively; the
222-S Laboratory result was less than 58 pCi/L. The offsite laboratory reported 0.524 pCi/L and
0.491 pCi/L for a 119121Pu sample and duplicate. The 222-S Laboratory reported less than
5.24 pCi/L. These results again indicate that the system is capable of treating to less than the target
MCLs for °'Cs and 239'24°Pu.

3.2.3.2 216-B-5 Reverse Well Test Group II. After evaluation of the data obtained from
mini-column tests MCT-1 and MCT-2, and because of the poor performance of the clinoptilolite for
BOSr removal, it was decided to perform another group of mini-column tests. MCT-1 was to be
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continued to look for saturation of 'Sr or breakthrough of "'Cs. The second test, 2MCT-2, was to
be a kinetic evaluation of clinoptilolite to see if a longer (12 min) contact time would improve90Sr
removal. This is equivalent to running the pilot-scale system at 38 L/min (10 gal/min) as compared
to the normal processing rate of 95 to 114 L/min (25 to 30 gal/min). In the third test, another
adsorbent, UOP A-51, was selected from the batch equilibrium tests for evaluation in a mini-column
test (designated 2MCT-3). These tests were performed simultaneously.

The equipment used for MCT-2 was cleaned and reused for the 2MCT-2 test. However, residual
algae from the feed tank or other source apparently entered the 2MCT-2 equipment because it became
infested with algae during this test. Test 2MCT-3 consisted of all new equipment and materials.
Test 2MCT-2 showed no biological growth until near the end of the test. The growth, appearing on
the top of the UOP A-51 bed, did not appear to be algae, but possibly a bacterial growth that was
white and slimy in appearance. This contrasted with the definite green color of the algae. There was
no discernible difference in the results of either test; therefore, it appears that the growths had no
significant impact.

3.2.3.2.1 2MCT-2 Results. 2MCT-2 was run in the same configuration as MCT-1
(bone char, clinoptilolite, clinoptilolite), but at a 12-minute contact time per column. The test was
run 24 h/day for 6 weeks, processing a total of approximately 2,900 By. The test was operated
24 h/day to process the maximum amount of groundwater possible in the 6 weeks of available testing
time.

The lead clinoptilolite column BOSr effluent concentration followed the same "stair-step" path with an
overall downward trend (see Table C-17, Appendix C, and Figure 3-30) as was noted in the
pilot-scale system (discussed in Sections 3.1.1.1 and 3.2.4.1.1). The data again indicate the same
kinetic dependence as noted in Test MCT-1. The high effluent concentrations occurred at the end of
the week (i.e., either a Thursday or Friday) and the low effluent concentrations occurred at the
beginning of the week, after recovering over the weekend.

For the first 200 By, the bone char acted as a roughing column for "Sr. After 630 By, the bone
char effluent was not monitored for ^Sr because the bone char column was assumed to have reached
saturation. At approximately 1,500 By, the bone char removed approximately 46% of the 'Sr.
However, at 1,900 BV it appeared to be releasing some of the 'Sr. It appears that after the bone
char becomes saturated, some cation is being preferentially loaded, thereby pushing off the 'Sr.

The second clinoptilolite column demonstrated a9"Sr removal efficiency greater than 90% to
1,000 By. Beyond 1,250 By, it demonstrated an average removal efficiency of 90%. At the
1,250 BV sampling event for both 2MCT-2 and 2MCT-3, the samples were mislabeled when turned
in to the laboratory. The laboratory corrected the error; however, these data are suspect and appear
anomalous (see Figure 3-31). The overall system achieved a 'Sr removal efficiency that ranged from
approximately 99.9% through 1,000 BV to 96.8% at 2,900 By. For the first 1,000 By, the effluent
concentration was less than the target MCL of 8 pCi/L 'Sr. It appears that longer contact time
improved 'Sr removals.

3.2.3.2.2 2MCT-3 Results. 2MCT-3 was set up similarly to 2MCT-2, except that a
UOP A-51 column was added at the end instead of clinoptilolite and consisted of bone char,
clinoptilolite, and UOP A-51 (a synthetic zeolite/molecular sieve) columns. 2MCT-3 was run
24 h/day for 6 weeks. A total of 2,900 BV were processed at a contact time of 12 minutes per
column.
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The bone char again removed a significant percentage of the 'Sr to 200 BV and then became

saturated. The sample data at 1,250 BV indicate a 99%BOSr removal by bone char (see Table C-18,

Appendix C, and Figure 3-32). As in the 2MCT-2 results, however, there were some mislabeled

samples at this data collection (1,250 BV) that may be considered anomalous.

For the first 200 By, while the bone char bed was actively removing 'Sr, the lead clinoptilolite bed
was removing >99% of its influent (the bone char effluent). Once the bone char became saturated,

the lead clinoptilolite bed's efficiency dropped to approximately 90% until 1,250 By, and then
averaged 80% through the end of the test.

The removal efficiency of the lead column followed the same downward-trending "stair-step" pattern

as 2MCT-2 (see Figure 3-30), but was not as pronounced. The removal efficiency curve (dashed
line) again indicates low and high removals corresponding with the ends and beginnings of the week,
respectively. At 2,500 BV (Monday) the removal efficiency did not recover as in previous weeks.
The mini-column tests were restarted on Sunday morning after being shut down Friday afternoon,
which allowed only one day to sit idle. This may have contributed to the lower recovery observed on
Monday. The removal efficiency did not increase throughout this week (through 2,900 BV) as in
previous weeks. A leak in the line at the feed pump was found Friday morning (2,900 BV) and
repaired before sampling. The amount of water lost (all of which was held within the containment
structure) indicated that 2MCT-3 had been without a feed stream for 1 to 2 h. Sampling of 2MCT-3
occurred approximately 1.5 h after the feed stream was reestablished. The pause in operations, which
allowed a lengthy contact time within the columns, may have contributed to maintaining the level of
removal efficiency.

The UOP A-51 maintained a removal efficiency greater than 90% to the end of test. A downward
trend in the removal efficiency curve after 1,250 BV is illustrated in Figure 3-33. The last data point
indicated a removal efficiency of 89.9%.

The system removal efficiency with the UOP A-51 adsorbent was greater than 95 % for the duration
of the test. The overall system effluent concentration was less than the target MCL of 8 pCi/L for
90Sr for the first 1,000 By, although it was sporadic because of the detection limits.

3.2.3.3 216-BY Cribs Mini-Column Tests. Based on previous batch equilibrium studies by Barney
(WHC 1994) and the successful removal of technetium in mini-column and pilot-scale treatment tests
at 200-UP-1 Operable Unit, Dowex 21K, a strong base anion gel-type resin, was selected for testing
in the BY-Cribs pilot-scale treatability test. Because it did not appear that sufficient loading data
would be provided from the pilot-scale treatment system, mini-column tests were conducted at the
BY-Cribs site to provide more data. These used Dowex 21K at a contact time simulating the
pilot-scale system. The 200-UP-1 results for "Tc indicated that Dowex 21K became saturated at
approximately 2,600 BV in the presence of uranium. However, because there was little or no
uranium in the BY-Cribs groundwater, it was expected that y9Tc would be able to process
approximately 4,000 to 5,000 BV before saturation. Additionally, because the geology of the
BY-Cribs site was different from that at the 200-UP-1 site, other anions or cations may preferentially
load on the Dowex 21K, thereby reducing or interfering with 99Tc loading.

The two mini-column tests conducted at the BY-Cribs site processed approximately 5,900 BV each
(bed volume = 460 mL). The results are shown in Tables C-19 and C-20 (Appendix Q.
Figures 3-34 through 3-37 are plots of the 'Tc data. Figures 3-34 and 3-36 show the 99Tc results for
the lead columns of both tests. Both curves are the typical sharp breakthrough curves normally
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experienced by a resin that performs well. The curves indicate that 'Tc saturation occurred at
between 4,500 to 5,000 By. A 30% breakthrough occurred at between 3,300 to 3,500 By, and 50%
breakthrough occurred at 3,800 By. The average "Tc removal for both lead columns was 90% to
30% breakthrough and 82% to 84% to 50% breakthrough.

Figures 3-38 and 3-39 are plots of the 'Co data for the lead colunms of Tests 1 and 2.
Unfortunately, the 222-S Laboratory's detection limit for 'Co averaged approximately 38 pCi/L, but
when used for an effluent value, the lead column demonstrated a removal efficiency of greater than
75%. Because the ^Co effluent from the lead column was below the detection limit, the polish
column feed and effluent results were expected to be, and were, the same. Thus, these results were
not plotted.

The offsite detection limits for both "Co and °yTc are 10.5 and 2.5 pCi/L, respectively (with 9517,
upper confidence limit [UCL]). Comparing one offsite 'Co sample result with a similar sample result
(taken at same time and point) from the 222-S Laboratory shows a detection limit of 10.5 pCi/L
compared to 42.7 pCi/L at the 222-S Laboratory. It should be noted that the offsite laboratory result
was actually 2.93 pCi/L, but this was at a lower confidence level than the minimum detectable
activity/amount (which is the 95% UCL detection limit). In any case, with a feed concentration of
168 pCi/L and a 10.5 pCi/L effluent, the resulting removal efficiency would be 93.8%. If the
2.93 value were used, it would be 98.3 % removal.

3.2.4 Strontium-85 Data for 100-N Area

An unpublished report by PNNL documents data developed for the 100-N Area ion-exchange
pump-and-treat system. Four mini-column, single-bed, flow-through adsorption tests were run using
AmReC clinoptilolite. Three tests were run at residence times of 13.4 min/column with about
30 mg/L of calcium added to the influent to approximate groundwater quality conditions. Test
conditions and breakthrough of 85Sr, used as a replacement for 'Sr, are given in Table 3-5. The
other test was run with the same calcium content and had an even longer residence time. A fifth test
was done with 27-minute empty-bed residence time, but with about six times more calcium added.
Breakthrough occurred almost immediately. PNNL concluded that clinoptilolite-exchange columns
could effectively adsorb 'Sr from groundwater if the groundwater had the lower ionic strengths
resulting from the observed calcium content.
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Figure 3-3. Pilot-Scale System Lead Column Cesium-137 Effluent Versus
Bed Volumes Treated, Run 1.
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Figure 3-4. Pilot-Scale System Plutonium-239/240 Effluent Versus Bed Volumes Treated, Run 1.
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Figure 3-9. IRC-718 Isotherm for Strontium-90.
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Figure 3-10. Hanford Bone Char Isotherm for Plutonium.
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Figure 3-11. Resintech Bone Char Isotherm for Plutonium.
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Figure 3-12. Resintech Bone Char Isotherm for Strontium-90.
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Figure 3-13. Resintech Clinoptilolite Isotherm for Strontium-90.
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Figure 3-14. Resintech Clinoptilolite Isotherm for Cesium-137.
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Figure 3-15. American Resources Corporation Clinoptilolite Isotherm for Strontium-90.
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Figure 3-16. American Resources Corporation Clinoptilolite Isotherm for Cesium-137.
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Figure 3-17. Dowex 21K Isotherm for Technetium-99.
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Figure 3-26. MCT-] Lead Clinoptilolite Column Cesium-137 Removal Versus Bed Volumes Treated.
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Figure 3-27. MCT-1 Bone Char Column Plutonium-239/240 Removal Versus Bed Volumes Treated.
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Figure 3-34. Lead Mini-Column Technetium-99 Effluent Versus Bed Volumes Treated, Test 1.
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Figure 3-35. Overall Mini-Column Technetium-99 Effluent Versus Bed Volumes Treated, Test 1.
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Figure 3-36. Lead Mini-Column Technetium-99 Effluent Versus Bed Volumes Treated, Test 2.
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Figure 3-37. Overall Mini-Column Technetium-99 Effluent Versus Bed Volumes Treated, Test 2.
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Figure 3-38. Lead Mini-Column Cobalt-60 Effluent Versus Bed Volumes Treated, Test 1.
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Figure 3-39. Lead Mini-Column Cobalt-60 Effluent Versus Bed Volumes Treated, Test 2.
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Table 3-1. Lead Column Removal Performance, Quantities of Radionuclides.

Average Average
Concentra- Concentration

Total pico- Total
Contaminant

tion of of Lead Liters (gal)
Curies Specific Activity Grams

Well Column treated
Removed Removed

Influent Effluent
(pCi/L) (pCi/L)

216-B-5 Reverse Well Plumes

90Sr - Run 1 3,937 1,785 2,283,725 4.915 x 109 1.41 x 1014 pCi/g 3.49 x 105
(603,362)

90Sr - Run 2 4,896 980 1,448.406 5.672 x 10° 4.02 x 105
(382,670)

90Sr - Total N/A N/A 3,732,131 1.059 x 1010 "" "" 7.51 x 105
(986,032)

"'Cs - Run 1 1,354 59.2 (OS=8) 2,283,725 2.957 x 10' 8.7 x 1013 pCi/g 3.40 x]0'
(603,362) (3.074 x 109) (3.53 x 105)

117Cs - Run 2 1,457 59.1 1,448.406 2.025 x 10° "" "" 2.33 x 105
(OS=5.75) (382,670) (2.102 x 109) (2.42 x 105)

137 Cs - Total N/A N/A 3,732,131 4.982 x 109 5.73 x 105
(986,032) (5.176 x 109) (5.95 x 105)

239RGOpn - 19.4 5.6 2,283,725 3.153 x 10' 8.86 x 101U pCi/g 3.56 x 10'
Run I (OS=1.55) (603,362) (4.065 x 10') (4.59 x 10')

239RQPu 19.4 5.6 3,732,131 5.150 x 10' 5.81 x 10-4
(extrapolated (OS=1.55) (986,032) (6.662 x 10) (7.52 x 10')
for total run)

216-BY Cribs Plume

'"Tc 9,007 169.5 1,426.037 1.260 x 1010 1.7 x 10 pCi/g 0.74 g
(376,760)

'Co 156 39.5 1,426.037 1.661 x 108 1.130 x 10" 1.47 x 10'
(OS=10.5) (376,760) (2.075 x 10a) pCi/g (1.84 x 10-')

NOTES:
All data calculated from Appendix C tables.

OS = X is offsite laboratory analytical results. Bracketed calculations for total curies and total
grams are based on using offsite analyses when 222-S Laboratory results were reported as less-
than detection values.
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Table 3-2. Calculated K Values for Strontium-90.

First-Order K Values
Run ID

First Bed Second Bed

Pilot Run 1 0.138 0.135

1MCT-1 0.268 0.263

1MCT-2 0.20 0.18

Pilot Run 2 0.079 0.12

2MCT-2 0.126 0.19

2MCT-3 0.136 0.20

2MCT-1 (loaded) 0.063 0.062
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Table 3-3. System Removal Performance, Quantities of Radionuclides.

Average
Average

Concentra-
Concentration Total pico- Total

Contaminant
tion of

of System
Liters (gal)

Curies Specific Activity Grams
Well

Effluent
treated

Removed Removed
Influent

(pCi/L)(pCi/L)

216-B-5 Reverse Well Plumes

90Sr - Run 1 3,937 936 2,283,725 6.853 x 10° 1.41 x 101° pCi/g 4.86 x 10s
(603,362)

90Sr - Run 2 4,896 267 1,448,406 6.705 x 10 "" "" 4.76 x 105
(382,670)

90Sr - Total N/A N/A 3,732,131 1.356 x 1010 9.62 x 105
(986,032)

117Cs - Run 1 1,354 55.6 (08=8) 2,283,725 2.965 x 10 8.7 x 10" pCi/g 3.41 x 105
(603,362) (3.074 X 109) (3.53 x 10s)

137Cs - Run 2 1,457 58.5 2,283,725 2.026 x 10 2.33 x 105
(OS=5.75) (382,670) (2.102 x 109) (2.42 x 10')

"'Cs - Total N/A N/A 3,732,131 4.991 x 10 5.74 x 105
(986,032) (5.176 x 109) (5.95 x 10s)

29rzwPu - 19.4 5.5 2,283,725 3.174 x 10' 8.86 x 10'0 pCi/g 3.58 x 10'
Run 1 (08=1.55) (603,362) (4.065 x 10') (4.59 x 10)

239rzwPu 19.4 5.6 3,732,131 5.188 x 10' 5.86 x 10-4
(extrapolated (OS=1.55) (986,032) (6.662 x 10') (7.52 x 10)
for total run)

216-BY Cribs Plume

"Tc 9,007 164 1,426.037 1.262 x 1010 1.7 x 10'0 pCi/g 0.74 g
(376,760)

`ACo 156 38 1,426.037 1.683 x 108 1.130 x 1015 1.49 x 10'
(OS=10.5) (376,760) (2.075 x 108) pCi/g (1.84 x 10-')

NOTES:

1. All data calculated from Appendix C tables.
2. OS = X is offsite laboratory analytical results. Bracketed calculations for total curies and total

grams are based on using offsite analyses when 222-S Laboratory results were reported as less-
than detection values.
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Table 3-4. Cost/Resource Requirements. (3 Sheets)

Resources Dollars

Design Engineering and Systems Fabrication/Field Installation (FY 1994 only)'

Design Engineering

Exempt 367.9

Nonexempt 31.7

Bargaining Unit 0.1

Materials 341.2

Othern 227.8

Indirect` 527.0

Subtotal 1,495.7

Systems Fabrication/Field Installation

Exempt 3.8

Craft 17.7

Subcontractors 458.0°

Indirects 8.6

Subtotal 488.10

Total 1,983.8

216-B-5 Reverse Well Operations

Exempt 235.6 (115.8)`

Nonexempt 24.8 (8.0)`

Craft 16.4 (16.4)`

Materials/Equipment 36.3

Sample Analysis 158.9 (145.9)`

Other° 200.6

Indirect 232.7

Total 905.3

216-BY-Cribs Operations

Exempt 178.8 (573)`

Nonexempt 60.3 (45.1)`

Craft 4.0 (4.0)`

Materials 44.0

Analytical 99.5 (84.5)'

Other 98.8

Indirect 195.6
Total 681.0

216-B-5 Reverse Well Mini-Colutnn Tests

Exempt 36.3
Materials 16.4

Sample Analysis 199.9 (198.3)`

Other 7.8

Indirect 43.7

Total 304.1

RL9559. W51/A2 3T-4



DOE/RL-95-59
Rev. 0

Table 3-4. Cost/Resource Requirements. (3 Sheets)

Resources Dollars

216-BY-Cribs Mini-Column Tests

Exempt 5.9

Materials 1.0

Sample Analysis 10.1 (5.1)'

Indirect 5.3

Total 22.3

Project Support

Exempt 265.7

Nonexempt 24.4

Craft 3.6

Materials 0.3

Other 19.1

Indirect 190.0

Total 503.1

Project Management (FY 1994 and 1995)

Exempt 224.6

Nonexempt 0.8

Materials 23.8

Other 32.0

Indirect 283.3

Total 564.5

Waste Management

Exempt 3.6

Nonexempt 1.1

Other 22.2
Indirect 7.2

Total 34.1

Winterization Activities at 216-B-5 Reverse Well and 216-BY-Cribs

Exempt 10.2

Craft 57.3

Materials 36.7

Indirect 23.6

Total 127.8

Tank Cleanout at 216-8-5 Reverse Well and 216-BY-Cribs

Exempt 15.2

Craft 66.1

Other 1.4

Sample Analysis 25.1

Indirect 10.8

Total 118.6
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Table 3-4. Cost/Resource Requirements. (3 Sheets)

Resources Dollars

Geosciences

Labor 37.4

Materials 9.1

Sample Analysis 28.6

Other 38.3

Indirect 24.7

Total 138.1

Test Report (to date - end of July)

Exempt 100.6

Indirect 72.4

Total 173.0

Subtotal 3571.5

Grand Total 5555.3

aDesign Engineering costs are undifferentiated for the two systems. Design Engineering and

Systems Fabrication/Field Installation are FY 1994 activities only.

"Other: Costs reported here vary between tasks, but include Purchase Order contracts,

subcontractor Westinghouse Hanford Company, subcontractor analytical (when not reported

separately), travel and living, heavy equipment, office supplies, miscellaneous purchased services

taxed, shop and laboratory supplies, Hanford Site telephone, U.S. postage, etc.

`Indirects include Bechtel Hanford, Inc. (BHI) award fee, BHI direct distributable, BHI general

distributable, BHI operating centers, BHI General and Administrative, and organizational overhead.

°Subcontractor includes labor, materials, equipment, etc., used for site preparation and field

installation of both treatment systems.

`Numbers in parentheses are labor dollars during months of operation.

'Numbers in parenthesis are 222-S Laboratory dollars.
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Table 3-5. N-Springs Groundwater Test Conditions and Breakthrough of

Strontium-85 in Clinoptilolite Adsorbent.

Empty Bed Bed Pore Flow Pore Space
BV at 0.7% BV at 3.5% Breakthrough

Residence Volume Volume rate Residence
Breakthrough Breakthrough at End of Run

Time (min) (mL) (mL) (BV/h) Time (min)

13.4 6.89 3.68 4.35 7.2 540 860 40% at
4,700 BV

27 10.12 5.38 2.17 14.5 970 1,400 15% at
2,400 BV

NOTE: 0.7% breakthrough = approximately 8 pCi/L and 3.5% breakthrough = approximately

41 pCi/L.

Sources:

Mattigod, S. V., R. J. Serne, T. L. Gervais, D. S. D. Burke, and N. Neerchal, 1995, Remediation

offl°Sr Contaminated Groundwater from 100 N Area Using Clinoptilolite Ion Exchange Columns:

Data from Bench Scale Tests, In Preparation, Pacific Northwest National Laboratory, Richland,

Washington.

BV = bed volume
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4.0 GROUNDWATER MONITORING AND ASSESSMENT ACTIVITIES

This chapter describes hydrologic and contaminant impacts associated with extracting and injecting

groundwater at the B-5 Reverse Well and the BY-Cribs. Well suitability test data are presented in

Section 4.1. Well suitability data are used in conjunction with baseline water quality data to

determine well yield, injection capacity, and evaluate well locations as points of extraction/injection.

Water-level monitoring efforts to assess hydrologic impacts are presented in Section 4.2. Section 4.3

describes baseline water quality and the contaminant response to pumping at the extraction well.

Because of scheduling constraints, post-treatability groundwater samples were not collected. In situ

groundwater flow velocity and other assessment activities (e.g., sonic cone penetrometer test) are

discussed in Section 4.4.

4.1 WELL SUITABILITY INVESTIGATION

Groundwater monitoring wells near the planned pumping and injection centers and those wells
proposed as extraction/injection wells were evaluated to assess fitness-for-use before treatability
testing. Tasks performed to assess fitness consisted of borehole camera surveys, well scrubbing and
cleaning, and withdrawal and injection tests. The withdrawal/injection tests were performed to
determine well yield and injection capacity. Selected wells were redeveloped or deepened

(e.g., cement plug drilled out/drilled deeper) to maximize water production during testing. Data
collected during well suitability testing and baseline groundwater sampling (Sections 4.3.1 and 4.3.5)
were used to select potential extraction and injection wells. Well suitability tests were performed in
wells 299-E28-1, 299-E28-2, 299-E28-7, 299-E28-23, 299-E28-24, and 299-E28-25 at the B-5
Reverse Well site. Wells 299-E28-23 and 299-E28-25 were also sampled during suitability tests to
assess changes in contaminant concentrations over time. Well suitability tests were performed in
wells 699-49-55A, 699-49-57A, and 699-50-53A at the BY-Cribs site. Table 4-1 summarizes
activities performed in each well and gives production data.

Wells 299-E28-23 and 299-E28-7 were selected as the extraction and injection well, respectively, at
the B-5 Reverse Well site. Well 299-E28-23 was selected as the extraction well because it is located
in the most contaminated section of the plume and the well yield was sufficient to support designed
pumping rates. Well 299-E28-7 was selected as the site of injection because it is located within the
plume and because minor changes in head were observed with respect to gallons injected. The
injection well was later changed to well 299-E28-25 to enhance tracer testing (see discussion in
Section 4.4.4). Wells 299-E28-1 and 299-E28-2 were not used as extraction or injection centers
because they are outside of the plume. Well 299-E28-24 was not used as an extraction well because
of high turbidity and low yield.

Samples collected over time during suitability testing in wells 299-E28-23 and 299-E28-25 showed
contaminant concentrations declining 32% to 65% after approximately 2.5 h of pumping. The
concentration of "'Cs decreased by 32% in the these wells over the same period of time. The
reduction in the concentrations of 119/2wPu and 'Sr varied in these wells, but was greater than 45%.
The groundwater data are presented in Table 4-2.

Wells 699-50-53A and 699-49-55A were selected as extraction and injection wells, respectively, at
BY-Cribs. Well 299-50-53A was chosen because it is located in the most contaminated section of the
plume. Well 699-49-55A was selected as the site of injection because it is upgradient of the
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extraction well, located within the plume, and the closest available well. Well 699-49-57A was not

used for extraction or injection because it is too distant from other wells evaluated. None of the wells

evaluated at the BY-Cribs produced appreciable amounts of groundwater during pumping.

4.2 WATER-LEVEL MONITORING IN SUPPORT OF TREATABILITY TESTING

This section describes groundwater conditions before and during treatability testing. Data are not yet

available to determine groundwater conditions after completion of the test.

4.2.1 Pre-Treatability Test Water-Level Monitoring at the

216-B-5 Reverse Well Site

Groundwater monitoring wells in the vicinity of the B-5 Reverse Well are located in an area where

the hydraulic gradient is very small, hydraulic conductivities are high, and flow direction is controlled

by the regional gradient from the west and mounding from the B Pond to the east. Based on the

available data, the apparent flow direction at the site was to the southeast about 2 weeks before the

start of treatability testing (Figure 4-1). The level of confidence placed in data used to create the

groundwater map is low as the potential error using standard measuring techniques (e.g., surveying,

depth to water measurements, verticality of the borehole) may be large in contrast to the gradient.
However, the groundwater flow direction as depicted is not unreasonable based on the regional flow

in the vicinity of the 200 East Area. Pre-treatability test water-level measurements collected on

August 16, 1994, were used to estimate groundwater flow direction.

Water-level data also indicate that the elevation of the water table is currently declining at a rate of

about 1.8 m/yr (0.6 ft/yr). The decline in the elevation of the water table is the result of the
reduction in effluent discharge to the sediment column over the last decade, primarily at B Pond.

4.2.2 Water-Level Monitoring During Operation at the
216-B-5 Reverse Well Site

Water levels were monitored at the extraction well (299-E28-23), two injection wells (299-E28-7 and
299-E28-25), and an observation well (299-E28-24) during treatability testing. Well 299-E28-7 was
used as the return well until April 7, 1995. Well 299-E28-25 was used as the injection well after that
date to support tracer testing.

Water levels in the extraction and observation wells showed no response to pump-and-treat operations.
Observed water-level fluctuations correspond mainly to barometric pressure changes. The daily
average pumping rate at the extraction well was approximately 102 L/min (27 gal/min) during
operations. Maximum sustained yield during operation could not be determined because of the lack
of drawdown.

Groundwater was injected into well 299-E28-7 at an average rate of 132 L/min (35 gal/min). This
resulted in an average head increase of 0.15 m(0.5 ft) [a maximum of 0.6 m (2 ft was observed].
The average injection capacity is 80.8 L/min/m (70 gal/min/ft), and the average rate of injection in
well 299-E28-25 was 178 L/min (47 gal/min). The average head is 0.15 m(0.5 ft) [maximum of
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0.9 m (3 ft)]. The average injection well capacity is 108.5 L/min/m (94 gal/min/ft). Graphs of the

complete water-level data set are presented in Appendix D.

During the two tracer tests at the 216-B-5 site, pumping at approximately 106 L/min (28 gal/min)

occurred continuously for more than 120 h. Water level monitoring data collected during the tests

indicated 0.6 to 1.3 cm (0.25 to 0.5 in.) of drawdown in the extraction well. The uncertainty in

hydraulic gradient and aquifer hydraulic properties is much greater in magnitude. Further, top-of-

casing surveys include an allowable error greater than 0.01 m, which could corrupt any inference
about the cone of depression made from the data. Describing the effects of the extraction well on the

aquifer with such little drawdown requires much more precision in aquifer characterization and
absolute water level measurement techniques than currently exist.

4.2.3 Post-Treatability Test Water-Level Data at the 216-B-5 Reverse Well Site

Water-level data were not collected to assess groundwater flow direction after treatability testing.

4.2.4 Pre-Treatability Test Water-Level Monitoring at the 216-BY Cribs

Groundwater monitoring wells in the vicinity of the BY-Cribs are located north of the B-5 Reverse
Well and are controlled by the same regional flow regime described in Section 4.2.1. The water-table
map suggests that groundwater flow direction beneath the site is predominantly to the northwest and is
controlled more by mounding from B Pond than by regional gradient. The water table in the vicinity
of the BY-Cribs site is shown in Figure 4-2. Pre-treatability test water-level data indicate that the
elevation of the water table is declining at a rate of about 0.18 m/yr (0.6 ft/yr). Pre-treatability test
water-level measurements collected during June 1994 were used to estimate groundwater flow
direction at the BY-Cribs.

4.2.5 Water-Level Monitoring During Operation at the 216-BY Cribs

During treatability testing water levels were monitored at extraction well 699-50-53A, injection
well 699-49-55A, and two nearby deeper confined aquifer wells (699-50-53B and 699-49-55B) that
penetrated the Elephant Mountain basalt into the Rattlesnake Ridge interbed. The extraction and
injection wells were monitored to assess optimum rate of extraction/injection as other unconfined
wells in the network were not in the area influenced by the test. Wells monitoring the confined
aquifer were evaluated to assess communication with the unconfined aquifer.

Water levels in confined aquifer wells showed no response to treatability test activities. For all wells
monitored, water-level fluctuations corresponded mainly to barometric pressure changes. The
extraction well sustained an average drawdown of 2.21 m(7.26 ft) at an average pumping rate of
13.2 L/min (3.5 gal/min). The average well capacity at the extraction well is 0.6 L/min/m
(0.5 gal/min/ft). The injection well sustained an average injection rate of 95 L/min (25 gal/min) with
an average head increase of 2.9 m(9.5 ft) [maximum of 3 m(11 ft)]. The average injection capacity
in the injection well is 3.0 L/min/m (2.6 gal/min/ft).

At the BY-Cribs site, drawdown in the extraction well exceeded the thickness of the aquifer. The
resulting water level was below the Ringold/Hanford contact. No observation wells were available to
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provide additional drawdown data. The cone of depression would have to be based on the drawdown

data collected from the extraction well. Interpretation of the data becomes ambiguous because of the

uncertainty of the source of the water in the well. The drawdown in the extraction well is not

interpretable with regard to areal influence because the cone of depression at the extraction well

exceeds the aquifer thickness.

4.2.6 Post-Treatability Test Water-Level Monitoring at 216-BY Cribs

Water-level data were not collected to assess groundwater flow direction after treatability testing.

4.3 CONTAMINANT CONCENTRATION RESPONSE

This section describes baseline water quality and the contaminant response to pumping at the

extraction well. Data are not available to determine post-treatability test water quality at the

B-5 Reverse Well and the BY-Cribs sites.

4.3.1 Baseline Groundwater Quality in the 216-B-5 Reverse Well Plume

4.3.1.1 Cesium-137. Cesium-137 was detected in three monitoring wells before treatability testing.

A maximum activity of 2,550 pCi/L was detected in extraction well 299-E28-23 in June 1994.

Cesium-137 was also detected in wells 299-E28-7 and 299-E28-25 ranging between 15.3 and

280 pCi/L. Cesium-137 was not detected in well 299-E28-1. The distribution of137Cs before

treatability testing is shown in Figure 4-3. Baseline groundwater data are presented in Table 4-2.

4.3.1.2 Plutonium-239/240. Plutonium-239/240 was detected in two wells at the B-5 Reverse Well

site before treatability testing in excess of the MCL (1.2 pCi/L). A maximum activity of 25.7 pCi/L

was detected in well 299-E28-23 in March 1994. The level of contamination in well 299-E28-25 did

not exceed 17.5 pCi/L. Plutonium-239/240 was not detected in wells 299-E28-1 and 299-E28-7. The

distribution of 219124°Pu before treatability testing is shown in Figure 4-3. Baseline groundwater data

are presented in Table 4-2.

4.3.1.3 Strontium-90. Elevated levels of 'Sr in excess of the MCL (8 pCi/L) were detected in

wells 299-E28-7, 299-E28-23, and 299-E28-25. The maximum activity exceeded 11,400 pCi/L in

well 299-E28-23 during the June 1994 sampling event. Concentrations in wells 299-E28-7 and

299-E28-25 range between 160 and 4,730 pCi/L. Strontium-90 activity did not exceed 0.5 pCi/L in

well 299-E28-1. The distribution of strontium-90 before treatability testing is shown in Figure 4-3.

Baseline groundwater data are presented in Table 4-2.

4.3.2 Contaminant Response to Pumping at Extraction Well 299-E28-23

Groundwater samples were collected daily during Run 1 at the B-5 Reverse Well site to assess the

contaminant response to pumping. Although sampling and testing started on August 29, 1994,
effective operations of the system did not begin until January 17, 1995. Run I ended on

March 17, 1995, concluding a 2-month cycle of pumping groundwater an average of 8-h/day,

5 days/week (i.e., weekly operation). Starting on February 6, 1995, the extraction well was pumped
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continuously for 5 days and then shut off. The average pumping rate during all stages of testing in
Run 1 was about 102 L/min (27 gal/min) and resulted in total volume of 2,283,967 L (603,362 gal)
of groundwater being extracted. During Run 1, groundwater was injected into well 299-E28-7,
located about 17 m (57 ft) southeast of the extraction well.

Run 2 started on April 10, 1995 (about 3 weeks after Run 1 was completed). Groundwater samples
were collected every other day. Well 299-E28-25 located about 7 m (24 ft) northwest of the
extraction well was used as the injection well. Run 2 continued for 6 weeks at an average pumping
rate of 100 L/min (26.4 gal/min). The average pumping cycle was 8 h/day, 5 days/week (i.e.,
weekly operation). The rate of extraction was increased to 105 L/min (27.8 gal/min) on May 21,
1995, and the well was continuously pumped for 5.5 days. Samples were collected every day during
continuous pumping. During weekly operation, 700,299 L (185,000 gal) was pumped compared to
660,583 L (174,508 gal) during continuous pumping in Run 2.

Accounting for processing during startup activities and other operating periods, a total of
37,325,255 L (986,032 gal) was processed through the B-5 Reverse Well treatment system (see
Section 3.1.1.1). Using porosities of 0.22 and 0.30 estimated from the tracer tests (see
Section 4.4.4), the calculated ratios of capture over the duration of the B-5 Reverse Well treatability
test ranged from 15 to 20 m (50 to 65 ft).

During Runs 1 and 2, the concentration of "'Cs, 2391140Pu, and 90Sr ultimately decline by the end of
each run. Figures 4-4, 4-5, and 4-6 show the variability and overall reduction in the concentration of
"'Cs, 7914OPu, and 90Sr, respectively, in the groundwater. The average concentration during each
stage of pumping (e.g., weekly versus continuous) in Runs 1 and 2 are summarized and ranked in
Table 4-3 to show the contaminant response to groundwater extraction. Discussions of the
contaminant response to pumping at the extraction well are presented in the following sections.

4.3.2.1 Cesium-137. The concentration of "Cs was 1,470 pCi/L in the initial groundwater sample
collected during Run 1. This concentration can be compared to an average baseline concentration of
°'Cs (2,265 pCi/L) in the groundwater to assess the initial contaminant response to pumping, which
indicates that "'Cs contamination was reduced approximately 35 %. A similar response (32 %
reduction) was also observed during well suitability testing.

The concentration of'3'Cs ranged between 1,170 and 1,870 pCi/L during weekly operations in Run 1
[pumping 107 L/min (26.7 gal/min), generally 8 h/day, 5 days/week], and a gradual downward trend
in the level of contamination was observed. An average concentration of 1,450 pCi/L was detected in
the groundwater during the first half of Run 1 compared to an average of 1,252 pCi/L during the
second half of Run 1. This indicates that the contaminant response to pumping was greater at the
beginning of Run 1. At the end of weekly operations, the concentration of "'Cs was 1,210 pCi/L.
This concentration is 47% below baseline and 18% below the initial concentration of 1,470 pCi/L in
Run 1. An average concentration of 1,360 pCi/L was detected in the groundwater during weekly
operations. The data also suggest that the level of "'Cs contamination occasionally increased 10%
over weekends when no pumping occurred.

Slightly more than a 10% decline in the level of "Cs contamination was observed during continuous
pumping (28.3 gal/min for 5 days) in Run 1. Contamination ranged between 1,350 and 1,570 pCi/L
during continuous pumping, and the average concentration of "Cs in the groundwater was
1,425 pCi/L.
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Run 2 began after a 3-week period without extracting groundwater. Groundwater samples collected

during Run 2 indicated that "'Cs contamination increased by 12% to 1,380 pCi/L at the start of the

test, and an upward trend in the concentration of °'Cs was observed. A general pattern of

concentrations decreasing and increasing during periods of extraction and no pumping, respectively,

were also observed. The 3-week recovery period accounts for the initial rise in "'Cs at the start of

Run 2. Changing the site of groundwater injection to well 299-E28-25 is likely the major factor

governing the upward trend observed during pumping. The pumping rate probably had a negligible

effect on the trend as the pumping rate approximates the average extraction rate in Run 1. The

average concentration of13'Cs in the groundwater during weekly operations was 1,590 pCi/L in

Run 2.

During Run 2, groundwater was extracted continuously at a rate of 105 L/min (27.8 gal/min) for

5 days. A downward trend in the level of contamination was observed during this period. The initial
and final concentration of °'Cs was 1,820 and 1,310 pCi/L, respectively, and represents a 28%
decline in the concentration of °'Cs. An average concentration of 1,490 pCi/L was detected in the
groundwater during continuous pumping in Run 2.

4.3.2.2 Plutonium-239/240. The concentration of 791240Pu was 12 pCi/L in the initial groundwater

sample collected during Run I. This concentration is 48% below the baseline level of 23 pCi/L
established before the test.

The concentration of 23yrzwPu ranged between 12 and 44 pCi/L during weekly operations in Run 1.
Contaminant levels near the beginning of the test increased to a maximum of 44 pCi/L, indicating that
higher concentrations of 239121Pu were made available by extracting groundwater. The higher
concentrations observed near the beginning of the test resulted in the greater contaminant mass
(average 24 pCi/L) being removed in the first part of Run 1 compared to an average of 17 pCi/L
during the later half of the test. The final concentration of 231rz"°Pu in Run 1 was 13.7 pCi/L and
within 1.7 pCi/L of the initial concentration (12 pCi/L) at the start of the test. If the initial
concentration of 12 pCi/L is not considered at the start of Run 1, a downward decline in the level of
contamination is observed over the length of the test. The average concentration in the groundwater
during weekly pumping in Run 1 is approximately 19 pCi/L.

The concentration of 23B2a0Pu ranged between 15.6 and 17.5 pCi/L during continuous pumping
[107 L/min (28.3 gal/min)] in Run 1. A downward trend in the level of 23111wPu concentration was
observed, and the average concentration in the groundwater was about 16.5 pCi/L. The average
groundwater concentration during continuous pumping compares similarly to the average groundwater
concentration (17 pCi/L) during the later half of weekly operations in Run 1.

The concentration of 239'"Pu in the groundwater during Run 2 increased by 31 % to 20 pCi/L 3 weeks
after Run 1 was completed. As described regarding "'Cs concentrations in Run 2, the 3-week
recovery period and change in injection site form the basis for the higher contaminant levels. The
concentration of 79"40Pu ranged between 15.7 and 24.1 pCi/L during routine pumping [107 L/min
(28.3 gal/min)] in Run 2. The average concentration during weekly pumping in Run 2 was about
20 pCi/L.

During the last stage of Run 2, groundwater was extracted continuously at a rate of 105 L/min
(27.8 gal/min) for 5 days. The concentration of 79'Z"0Pu ranged between 19.9 and 21.1 pCi/L during
continuous pumping in Run 2, and a slight downward trend in the level of contamination was
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observed. The decline in contaminant concentration was about 5%. The average concentration
during pumping was 20 pCi/L.

4.3.2.3 Strontium-90. The concentration of90Sr was 4,560 pCi/L in the initial groundwater sample
collected during Run 1. This concentration is 52% below the baseline level of 9,850 pCi/L
established before the test. A similar response (greater than a 45% reduction in the concentration of
90Sr) was also observed during well suitability testing.

The concentration of 'Sr ranged between 3,230 and 4,570 pCi/L, and a gradual, decline in the level
of contamination was observed in Run 1 during weekly pumping. An average concentration of
3,856 pCi/L was detected in the groundwater during the first phase of Run 1 compared to an average
of 3,490 pCi/L during the later half of Run 1. This indicates that the contaminant response to
pumping was greater in the beginning of Run 1. The average concentration of 'Sr in the
groundwater during weekly pumping was approximately 3,663 pCi/L in Run 1. In addition, at the
end of weekly operations the concentration of 'Sr was 3,520 pCi/L, which is 65% below baseline
and 23% below the initial concentration of 4,560 pCi/L in Run 1.

The concentration of `Sr ranged between 3,400 and 4,500 pCi/L during continuous pumping, and a
downward decline in the level of contamination was observed. The average concentration during
continuous pumping was 3,894 pCi/L. This average concentration approximates average contaminant
levels observed in the groundwater during the first half of weekly pumping in Run I

The concentration of 'Sr in the groundwater during Run 2 increased by 23% to 4,610 pCi/L 3 weeks
after Run 1 was completed. As described regarding "'Cs and 239111Pu concentrations in Run 2, the
3-week recovery period and change in injection site form the basis for the higher contaminant levels.
A general increase in the concentration of 'Sr was observed in Run 2. However, a general pattern of
concentrations declining during extraction and increasing during periods of no pumping were also
observed. The average rate of removal during Run 2 was 4,970 pCi/L.

Continuous pumping at a rate of 95 L/min (25 gal/min) at the end of Run 2 resulted in a decline in
the concentration of 'Sr from 6,410 to 3,600 pCi/L. The average concentration in the groundwater
was 4,488 pCi/L.

4.3.3 Review of Data

As indicated in Sections 1.3.2 and 4.2 of the Pilot-Scale Treatability Test Plan for the 200-BP-5
Operable Unit (DOE-RL 1995), radionuclide concentrations in the groundwater were expected to
rapidly decrease following the start of extraction. The conceptual model assumed that the
contaminants dissolved in the groundwater would be depleted after several days to weeks of pumping.
This was suggested by the limited migration of the plumes in the last 50 years and the generally high
Kd values of the contaminants. Specifically, once the contaminated groundwater in the aquifer
porespaces had been extracted, contamination concentrations would decline to very low levels. The
rate of re-equilibration between sediments contaminated with the radionuclides and "fresh"
groundwater would proceed very slowly and would be further limited by continued groundwater
pumping. Thus, at some stage of operations,contaminant concentrations would drop and the
corresponding process plant extraction efficiency would decline to a very low level. At this point,
overall test efficiency would benefit from a halt to allow the aquifer contaminant concentrations to re-
equilibrate. The concern over this possibility was such that the test plan was modified to require an
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agreement between DOE, EPA and Ecology to approve shutdown and restart of operations. Thus,
the consistent concentration of contaminated groundwater was unexpected and prompted an
examination of extraction data.

Baseline groundwater data and groundwater data collected in Run 1 were compared to assess the
initial contaminant response to pumping. The data indicate that the contaminant response to pumping
was substantial during the initial stage of pumping. The initial decline in contaminant concentrations
for 137Cs, 239"40Pu, and 'Sr were 35%, 48%, and 52% below baseline, respectively. Comparing these
initial changes in the level of contamination to published K, values would suggest that 2J9''Pu (K. _
2,000 mL/g, very highly sorbed) and "Cs (Kd = 500 mL/g to mL/g, highly sorbed) concentrations
should respond at a slower rate than anticipated to the effects of further pumping. Only the
concentration of 'Sr (Kd = 20 mL/g, moderately sorbed) was expected to change significantly during
pumping. However, data indicate that once the concentrations declined from baseline values, there
was a fairly constant range of concentrations for any run.

At least two possible explanations for the differences in the contaminant response to pumping versus
the assumed response, as based on reported Kd values can be offered:

• The contaminants' chemical properties (i.e., sorption rate) may be different than the
published Kd values indicate. The waste stream was injected directly into the groundwater
and may still be influenced by the waste stream chemistry. Therefore, the contaminants
could be less strongly bonded to the sediment and would be more mobile.

• There may be greater quantities of the contaminants in the aquifer system than calculated
from historical process knowledge. Process knowledge quantities were calculated from
sample analyses taken from individual batches sent to Tank 241-B-361. Sampling or
laboratory measurement inaccuracies may have under-reported the quantities of waste
actually going to the ground. Therefore, a greater quantity of the contaminants may be
present in the groundwater.

Additional direct evidence is not available to support either alternative. New K, values cannot be
calculated from available test data, and new values cannot be assumed. Circumstantial evidence for
larger quantities of waste reaching the ground is presented in Section 5.3.1 and was taken from Smith
(1980). Evidence for different Kd values may be inferred in the discussion of the B-5 site's
phosphate-based geochemistry in Section 5.3.1.

Trends outlined in Section 4.3 suggest that the best operational setting for optimum contaminant
removal is the weekly pumping cycle in the configuration of the extraction and injection wells in
Run 2. The data also indicate that a recovery period between pumping cycles allows equilibration
between the groundwater and contaminants in the aquifer system. The recovery period results in
greater contaminant concentrations being available for extraction, which, in turn, enhances removal of
the radionuclides mass from the plume. Enhanced contaminant extraction through the use of reactants
to remobilize the plume.

The addition into the aquifer of chemical agents to increase the solubility of the contaminants would
result in increased contaminant extraction rates and increased process efficiency.
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4.3.4 Post-Treatability Test Water Quality

Post-treatability test groundwater data were not collected for this investigation.

4.3.5 Baseline Groundwater Quality at the 216-BY Cribs Plume

4.3.5.1 Cobalt-60. Cobalt-60 was detected at a maximum activity of 74.3 pCi/L in well 699-52-54.
The contaminant was also detected in wells 299-E33-7, 699-49-55A, 699-50-53A, and 699-55-57,
ranging between 6.0 pCi/L and 50.4, as well as in three cone penetrometer samples from pushes
49-53, 49-54, and 50-54. Cobalt-60 ranged between 9.7 pCi/L and 20.1 pCi/L in cone penetrometer
samples. All samples analyzed for 'Co were below the MCL of 100 pCi/L. The distribution of 'Co
before treatability testing is shown in Figure 4-7. Baseline groundwater data are presented in
Table 4-4.

4.3.5.2 Technetium-99. Technetium-99 was detected in all groundwater samples. The
concentration of 99Tc ranges between 2.47 and 4,310 pCi/L, with the maximum activity occurring in
well 699-52-54 during the April 1994 sampling event. The MCL of 900 pCi/L was exceeded in wells
299-E33-13, 699-49-57A, 699-50-53A, 699-52-54, and 699-55-57, as well as sonic push 50-54.
Technetium-99 in all other groundwater samples collected ranges between 2.47 and 775 pCi/L. The
distribution of 99Tc before treatability testing is shown in Figure 4-7. Baseline groundwater data are
presented in Table 4-4.

4.3.5.3 Contaminant Response to Pumping at Extraction Well 699-50-53A. Groundwater
samples were collected during operations at the BY-Cribs site to assess the contaminant response to
pumping. Although sampling and testing started on August 29, 1995, effective operations of the
system did not begin until January 18, 1995. The treatability test continued for 4 months (until
May 22, 1995). Groundwater samples were collected from a sample port located before the treatment
system prefilters. Samples were analyzed for 'Co and 99Tc at the 222-S Laboratory. Confirmatory
samples were also occasionally collected and shipped to an offsite laboratory for analyses.

Groundwater was extracted from the aquifer at an average rate of approximately 13.2 L/min
(3.5 gal/min). The maximum average sustainable pumping rate was approximately 12.9 L/min
(3.4 gal/min) and was limited by the saturated thickness [-0.3 m(1 ft)] of the unconfined aquifer.
A total volume of 1,426,187 L (376,760 gal) was extracted during testing. Using estimated porosity
range of 0.2 to 0.3, the calculated radios of capture over the duration of the treatability test ranged
from 70 to 86 m(231 ft to 283 ft).

4.3.5.3.1 Cobalt-60. The concentration of 'Co was 63 pCi/L in the initial groundwater
sample collected at the BY-Cribs site. This concentration can be compared to the baseline
concentration of 'Co (28 pCi/L) to assess the initial contaminant response to pumping. The initial
contaminant response to pumping indicates that 60Co contamination increased by 125%. A gradual
increase in the level of contamination was observed in the rest of the treatability test. The final
concentration at the end of the test was 177 pCi. This increase in the level of contamination is over
600% above baseline and 280% above the initial concentration at the start of the test. The data
indicate that 'Co is very loosely bonded within the aquifer system and is readily mobilized during
pumping. The average concentration of 'Co in the groundwater during pumping was 160 pCi/L.
Figure 4-8 shows the variability and overall increase in the concentration of 'Co in the groundwater
at the BY-Cribs site.
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The published Kd of 'Co (2,000 mL/g, highly immobile) suggests that the contaminant should not

respond significantly to pumping. As discussed in Section 1.3.2, the increased mobility of 'Co is

attributed to complexing with ferrocyanide. A possible explanation for the upward trend in the level

of contamination may be inherently related to the length of time groundwater was extracted from the

aquifer, as the higher levels of contamination were not observed during routine/baseline sampling.

The higher levels of contamination were likely due to the larger area influenced by pumping over the

average extraction period (e.g., 8 h/day, 5 days/week).

4.3.5.3.2 Technetium-99. The concentration of 99Tc was 3,270 pCi/L in the initial

groundwater sample collected at the BY-Cribs site. This concentration is two times greater than the

baseline level of 1,585 pCi/L established before the test. A gradual increase in the level of

contamination was observed throughout the rest of the test. The final concentration at the end of the

test was 6,960 pCi/L. The increase in the level of contamination is over 400% above baseline and

200% above the initial concentration at the start of the test. The average concentration of BeTc in the

groundwater during pumping was 8,810 pCi/L, and values above 10,000 pCi/L were frequently

observed. Figure 4-9 shows the variability and overall increase in the concentration of 99Tc in the

groundwater at the BY-Cribs site.

The sample data suggest that 99Tc is very loosely bonded or entrained within the aquifer system and,

therefore, is readily available for extraction. The high mobility of 'Tc observed is consistent with

the published Kd value of 0 mL/g. A possible explanation for the upward trend in the level of

contamination is related to the length of time groundwater was extracted from the aquifer as described

for 'Co.

4.3.6 Post-Treatability Test Water Quality

Post-treatability test groundwater data were not collected for this investigation.

4.4 DESCRIPTION OF OTHER HYDROGEOLOGIC ASSESSMENT ACTIVITIES

The activities described in this section were performed to respond to test objectives in
(DOE-RL 1995c) specifying greater aquifer characterization. A more detailed list of activities was
agreed to in the 200 NPL Agreement/Change Control Form (BHI-00203).

4.4.1 Sonic Push Groundwater Sampling for 216-BY-Cribs Plume Definition

On July 10, 1994, a 200 NPL Agreement/Change Control Form (BHI-00203) was submitted to
approve additional aquifer characterization activities in the vicinity of the BY-Cribs plume in the
200-BP-5 Operable Unit. The work was intended to locate areas of greater aquifer thickness and high
contaminant concentrations in the area south of planned extraction well 699-50-53A and the northern
fenceline of the 200 East Area. To accomplish these objectives, a Water Development Company
sonic drill rig was used to push standard 1-m-long, 4.45-cm- (1-3/4-in.) outer diameter, 2.5-cm
(1-in.) inner diameter cone penetrometer rods to collect groundwater samples and determine the
bottom of the aquifer. Figure 4-10 presents the eight locations proposed for testing.
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Table 4-5 summarizes the field work that was performed. In 15 operating days, approximately 546 in

(1,790 ft) of hole was pushed in 16 attempts at six of the eight sites. More than 61 m(200 ft) of

cone penetrometer rod was abandoned in the ground above the water table because of stress failures

of the rod couplings. The sonic push program was terminated because of schedule constraints and the

inability of the rods to handle the drilling stresses necessary to penetrate the lower Hanford gravel

unit that overlies and comprises the aquifer.

Groundwater samples were successfully collected at three locations shown in Figure 4-11. The data

are presented in Section 4.3.5. The figure also shows the three sites where the sonic push rig was

unable to penetrate to groundwater. In all cases of refusal, penetration terminated in the lower

Hanford gravel unit with all attempts ending within 9 m(30 ft) of the expected water-table elevation.

Holes that reached the water table terminated in a hard layer that refused further penetration. It is

assumed that the depth of refusal below the water table corresponds to the bottom of the aquifer (top

of the basalt). Table 4-6 presents the depths below ground surface of the water table and the refusal

unit. The difference between the two numbers is listed as the assumed thickness of the unconfined

aquifer.

4.4.2 Production Testing During Treatability Testing

Preliminary analysis of data collected from treatability test activities indicates that the aquifer and
contaminant distribution of the BY-Cribs plume are not adequately defined to support the decision-

making process. In lieu of a drilling program, a series of activities was performed as part of the

200 NPL Agreement/Change Control Form (BHI-00203) to support a hydrogeologic assessment of the

200-BP-5 plumes.

4.4.2.1 Production Testing at Well 699-55-57. As part of the 200 NPL Agreement/Change

Control Form (BHI-00203), a well fitness-for-use assessment was called out for well 699-55-57.
Groundwater samples collected from this well had, over the past several years indicated that the
aquifer in this area contained 'Tc concentrations at or above the MCL. This assessment activity was
intended to determine if the well could be used as a supplementary or alternate extraction well for the
BY-Cribs plume treatability test.

Well 699-55-57 was drilled in 1975 to a depth of,55 m(180 ft) bgs. Fifteen-centimeter (six-inch)
casing was set at the top of basalt, 52 m(170 ft) bgs, and supposedly perforated by a cutting torch.
The bottom 3 m(10 ft) of the well was uncased in the underlying fractured basalt. Earlier borehole
camera surveys failed to recognize any perforations in the casing, and an attempt to mechanically
perforate the 1.3-cm (0.5-in.) heavy-walled casing failed in 1982. The well was producing
approximately 8 L/min (2 gal/min) when it was cleaned and redeveloped as part of the 200-BP-1
Operable Unit site characterization activity in 1990.

In late 1994, the well was cleaned and a second borehole camera survey was conducted. This survey
also could not identify any evidence of perforations in the casing. After a measurement of the
discharge of the well during a sampling event confirmed that the well was still capable of producing
approximately 8 L/min (2 gal/min), a decision was made to perforate the casing using explosive
charges in an attempt to stimulate increased well production. The well was jet-shot perforated in the
interval 3 m(10 ft) above the top of basalt. A 10-cm.- (4-in.) diameter #20 slot screen was later set
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from the top of the perforations to the bottom of the well to control fine formation material that was

running into the well through the perforations.

An 8-h pumping test was performed in the well on March 1, 1995, and groundwater samples were

collected at 2-h intervals to identify any changes in contaminant concentrations during the test. The

results of the sample analyses are found in Table 4-7. An upward trend in the level of contamination

was observed as described in Sections 4.3.5.3.1 and 4.3.5.3.2 for 'Co and 'Tc.

Because of generator/pump fluctuations during the test, a steady pumping rate could not be

established. It was observed that a pump rate of about 9.5 L/min (2.5 gal/min) produced a rapid

drawdown of the water level and exceeded the productivity of the well.

Because this production rate was not satisfactory for a candidate extraction well, further investigations

were terminated.

4.4.2.2 Sampling at Well 699-55-60. The 200 NPL Agreement/Change Control Form (BHI-00203)

also called for the expansion of the BY-Cribs monitoring network to aid in evaluating the extent of

the plume. One of the activities outlined in that notice was the sampling of wells 699-55-60A and

699-55-60B. Well 699-55-60A was drilled in 1945 as a water supply well to the 200 north facilities

and was the nearest well west of the BY-Cribs monitoring network. Well 699-55-60B was also

drilled in 1945 as a water supply well for the 200 north facilities. Upon inspection, well 699-55-60B

was found to be unusable because of debris in well.

Well 699-55-60A was sampled on March 2, 1995 using a temporary submersible pump. Before

sampling, the well was purged at a rate of 8.3 L/min ( 2.2 gal/min) for 73 minutes. The pH,

dissolved oxygen, and temperature were monitored to ensure collection of a representative sample.

The results of the sampling found that all three major contaminants of concern were well below the

MCL: 26.2 pCi/L of 9BTc were detected (MCL = 900 pCi/L); 0.975 pCi/L of "'Cs were detected

(MCL = 120 pCi/L); and 'Co was below detection limit of 7.11 pCi/L. Thus, the data do not

suggest any current influence from the BY-Cribs plume in this part of the aquifer.

4.4.3 Groundwater In Situ Flow Survey

To further support the hydrogeologic assessment of the BY-Cribs plume, as directed by the 200 NPL
Agreement/Change Control Form (BHI-00203), in-well flow velocity measurements were performed

in wells monitoring the plume. The wells, listed in Table 4-8, were all located between the north end
of the 200 East Area and the Gable Mountain Gap. Flow velocities were determined by the thermal
perturbation method at various levels within each well (see Table 4-8). Figure 4-12 is a well location
map.

The groundwater flow direction and magnitude for each well are shown in Figure 4-12. In general,
across the study area, the following may be inferred from the flow velocity measurements:

• Groundwater flow direction in the northwest portion of the 200 East Area is to the south,
with magnitudes ranging from 0.13 m/day to 0.49 m/day (0.43 ft/day to 1.6 ft/day).

• Groundwater flow direction northeast of the BY-Cribs is to the northwest around a basalt
high with a magnitude of 0.6 m/day (1.9 ft/day).
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• Groundwater flow direction north of the 200 East Area and south of West Lake is northerly
with a magnitude ranging from less than 0.012 m/day (0.04 ft/day) to 0.34 m/day
(1.1 ft/day).

Groundwater velocity measurements less than 0.012 m/day (0.04 ft/day) are considered less than the
practical resolution of the flowmeter and necessarily invalidate the flow direction and rate.

The complete analysis and results of the flowmeter survey are discussed in Appendix E.

4.4.4 216-B-5 Reverse Well Tracer Tests

Tracer tests were performed in the B-5 Reverse Well plume to characterize contaminant transport
properties of the aquifer and determine the extent of recirculation within the plume resulting from the
proximity of the extraction well (299-E28-23) to injection wells. Wells 299-E28-23 and 299-E28-7
were used in the first test as the discharge and recharge well, respectively, and wells 299-E28-23 and
299-E28-25 were used in the second test as the discharge and recharge well, respectively. The state
plane coordinates of the wells are east 683,472 m (2,242,361 ft) and north 136,746 m (448,643 ft)
for well 299-E28-23, east 683,484 m(2,242,402 ft) and north 136,734 m (448,603 ft) for well
299-E28-7, and east 683,466 m (2,242,344 ft) and north 136,751 m (448,660 ft) for well
299-E28-25. Based on these coordinates, wells 299-E28-23 and 299-E28-7 are located 17.46 m
(57.28 ft) apart, and wells 299-E28-23 and 299-E28-25 are located 7.32 m (24.02 ft) apart. Both
tracer tests involved 24-h/day extraction and injection at roughly equal flow rates. Tracer sampling of
the extraction well started at the onset of slug injection and was performed on an hourly basis
throughout the tests. Samples were collected from the injection wellhead at the start of tracer
injection and periodically afterwards until the tracer supply was depleted. Three tracer slug samples
were collected from test 1, and four samples were collected from test 2. The following sections
outline tracer preparation techniques, test start/finish times, flow rates, and volume totals for each
tracer test.

4.4.4.1 Tracer Test 1. Before starting tracer test 1, approximately 5 kg of lithium bromide was
mixed with water in a drum and pumped into the base of the effluent tank. Tracer mixing within the
effluent tank was accomplished by the turbulence generated from the process flow and pumping.
Tracer test 1 started on February 6, 1995, at 08:24 with the injection of approximately 21,198 L
(5,600 gal) of lithium bromide at an average flow rate of 199.3 L/min (52.5 gal/min). Tracer
samples were collected at 08:39, 09:35, and 10:05, and tracer injection finished around 10:25. After
charging the effluent tank, effluent injection began at 14:15, and continued until 04:00 hours,
February 11, 1995, at an average flow rate of 98 L/min (26 gal/min). Effluent extraction began on
February 6, 1995, at 08:02, and continued until 04:00 hours, February 11, 1995, with one
interruption: generator servicing occurred on February 7, 1995, from 07:20 to 07:40. The average
extraction rate during the test was 107.1 L/min (28.3 gal/min), and the total volume extracted was
507,266 L (134,006 gal). Effluent sampling began on February 6, 1995 at 8:56, and continued
hourly until the test ended. Table 4-9 provides a synopsis of the tracer test 1 events.

4.4.4.2 Tracer Test 2. Daily background bromide sampling at the extraction well began on
May 1, 1995, and continued until the tracer was injected on May 21, 1995, excluding May 6 and 7,
May 12 through 14, and May 18 through 20, 1995. On May 19, 1995, 10 kg of potassium bromide
was mixed with water and pumped into the effluent tank in the same manner as in tracer test 1. The
tracer volume in the tank measured 23,352 L (6,169 gal). Tracer test 2 began on May 21, 1995 at
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08:36, with the bromide tracer injected at an average of 1,900.3 L/min (50.2 gal/min). Tracer

samples were collected at 08:40, 09:10, 09:40, and 10:10, and tracer injection finished around 10:30.

Effluent injection began subsequently and continued until 11:00 hours on May 26,, 1995, at an

average flow rate of 83 L/min (22 gal/min). Effluent extraction began on May 21, 1995, at 08:40,

and continued until 11:00 hours, May 26, 1995, with one interruption: generator servicing occurred

on May 23, 1995, from 07:27 to 07:47. The average extraction rate during the test was 105.6 L/min

(27.9 gal/min), and the total volume extracted was 660,583 L (174,508 gal). Effluent sampling began

on May 21, 1995, at 8:46, and continued hourly until the test ended. Table 4-10 provides a synopsis

of the tracer test 2 events.

4.4.4.3 Tracer Test Analysis and Results. Data collected from the tracer test were analyzed

according to the method described in Grove (1971) for a discharging-recharging well pair. The

concentration of the discharged effluent is calculated by solving the transport equation:

Sc __ q Sc ^ D 81C (1)
6t it Sx SxZ

where:

c = concentration (ppm)

t = time (T)

q = the average darcy flux (L/T)

¢ = the porosity

D = the dispersion coefficient (Lz/T), for a series of discrete flow tubes connecting the well pair
[see equations 36 and 38 in Grove (1971) for the solutions to equation 1].

The individual concentration values are summed incrementally through time into a composite
concentration. The porosity and dispersion coefficient are varied until a suitable match is obtained
between the calculated concentration curve and the field data. The concentration curves were
generated using the FORTRAN program presented in the appendix of Grove (1971), and the curve
matching was performed visually.

Certain assumptions govern the analysis. The aquifer is assumed to be homogeneous, and all flow
occurs horizontally and radially outward from the recharge well and horizontally and radially toward
the discharge well. The groundwater velocity is assumed to be steady state and dependent only on the
pumping rate, and if diffusional effects are neglected, the dispersion coefficient is then proportional to
the dispersivity (L). Although a tracer test is transient by nature, assuming a steady-state flow field is
reasonable here because most of the changes occurred early in the test, especially compared to the
overall test duration. These assumptions allow equation 1 to be solved analytically and avoid the
necessity of a numerical solution.

For both tests, the bromide solution was injected into the aquifer at approximately 189 IJmin
(50 gal/min) for 112 minutes, and then the recharge rate was reduced to match the discharge rate.
Considering the overall duration of the tests, pumping at 189 L/min (50 gal/min) for that time
[instead of around 107 or 105 L/min (28.3 or 27.8 gal/min)] probably did not result in significant
changes in the velocity field. However, it did result in the injection of almost twice the quantity of
bromide into the aquifer than is accounted for in the equations. This would be expected to cause the
theoretical curves to deviate from the data in at least two ways: (1) the bromide would arrive at the
discharge well sooner than calculated and (2) the actual shape of the concentration pulse would be
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broader than the calculated curve. The greater volume of bromide solution and elevated injection rate

would initially push the bromide solution farther out from the recharge well. In addition to the

greater solution volume displacing a correspondingly greater volume in the aquifer, the elevated

injection rate would also increase the hydraulic gradient away from the recharging well. Although

this effect would be short-lived, especially compared to the overall duration of the test, it would

influence the results to some degree. The actual shape of the concentration pulse would be broader

than the calculated curve simply because the greater quantity of bromide solution would require a

greater amount of time to be pumped out of the aquifer. These elements introduce some uncertainty

into the analysis, but the mathematics involved are robust enough to keep the interpretation
meaningful.

4.4.4.4 Tracer Test 1, February 6 through 11, 1995. Approximately 5 kg of lithium bromide was
dissolved in a 5,600-gal tank, and the solution was injected into well 299-E28-23. Bromide
concentrations measured at the recharge well averaged 195 ppm, which agreed with the calculated
concentration of around 217 ppm. Baseline bromide concentration values measured at the discharging
well ranged between 0.139 and 0.241 ppm. Because the background range represented greater than
20% of the maximum measured concentration at the discharge well (0.673 ppm), a background
concentration of 0.149 ppm was subtracted from the concentration measured at the discharge well.
The value of 0.149 was based on the trend of the background data and the rising limb of the
concentration curve associated with the injected tracer pulse.

Figure 4-13 shows the measured data with the fitted analytical curve, with the dispersivity equal to
7 m (22 ft) and the porosity equal to 0.30. The data exhibit some scattering, which may be the result
of preferential transport pathways and heterogeneities in the soil properties, changes and variations in
the recharging and discharging rates, and variations in the sample measurements of the bromide
concentration. The measured concentration exhibits an apparent downward trend from the 80- to
I 10-h mark of the test, but later measurements (216 to 238 h) of the bromide concentration ranged
between 0.343 and 0.399 ppm above background. The downward trend diverges from the analytical
solution, but the later measurements are in much closer agreement. Considering the high
transmissivity and inherent heterogeneities of the aquifer, as well as the magnitude of the
concentration measurements, especially compared to background measurements, the scatter exhibited
by the data should be expected, and a wider range should be accorded to the calculated parameters.

Figures 4-14 and 4-15 show the effects of varying the porosity and dispersivity values, respectively.
In general, the two parameters are essentially independent of one another: changes in one parameter
do not affect the other. Changes in the porosity mostly affect the amplitude of the maximum
concentration pulse but also influence the time required for the maximum concentration to reach the
discharge well. Changes in the dispersivity mostly affect the time that the concentration peaks at the
discharge well but also influence the amplitude of the concentration pulse. The porosity term (as used
in this analysis) describes the amount of water in each flow tube that dilutes the tracer concentration.
As the porosity value is increased, the dilution increases, hence the concentration decreases. The
dispersivity describes the extent to which the tracer will spread longitudinally about the advective
front in each flow tube. This affects how quickly the tracer reaches the discharging well.

The amplitude of the maximum concentration pulse is strongly correlated to the porosity; the
correlation is almost inversely linear. Figure 4-14 shows that doubling the porosity reduces the peak
concentration by about one-half, whereas halving the porosity increases the peak concentration by
about a factor of two. Figure 4-15 shows the effects of varying the dispersivity. As the dispersivity
increases, the breakthrough time of the concentration peak shifts to the left. In general, the curves
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also become more peaked as the dispersivity increases, as seen by comparing the curves with

dispersivities of 5, 7, and 9 m(16, 22, and 28 ft).

4.4.4.5 Tracer Test 2, May 21 through 25, 1995. Ten kilograms of potassium bromide were

dissolved in the 3-m- (10-ft) diameter tank holding 320 cm (126 in.) of water {23,352 L

[B x (5 ft)2 x 126/12 ft x 7.48 gal/ft' = 6,169 gal of water]}, and the solution was injected into well

299-E28-25. All bromide concentrations measured at the recharge well exceeded 3,500 ppm, which

is an order of magnitude higher than what the concentration was calculated to be (-288 ppm). The

reason for this discrepancy has not yet been determined. For these calculations, it was assumed that

through the process of mixing in the tank, turbulence through the injection, and further mixing in the

aquifer, the bromide should have dispersed fairly uniformly throughout the solution to the 288 ppm

concentration.

Figure 4-16 shows the data resulting from the fitted analytical curve, with the dispersivity equal to

3.7 m(12 ft) and the porosity equal to 0.22. Bromide concentration measurements taken before the

test indicated that the background bromide concentration at well 299-E28-23 was 0.162 ppm. As

expected, the initial bromide breakthrough arrived at the discharge well before the curve predicted,

and the peak of the measured concentrations was broader than the theoretical curve. Also, the later

time-measured concentration data remained higher than the predicted analytical curve, indicating that

either recirculation of the bromide from the extraction well to the injection well occurred, or the

bromide injected over the 105 L/min (27.8 gal/min) (and thus not accounted for in the analysis

equations) resulted in the elevated values. Considering that the bromide concentration attenuated by a

factor of about 50 between the injection and extraction wells, even recirculation of the bromide would

not be sufficient to maintain the elevated concentrations measured at the extraction well. Thus, the

second explanation appears more plausible. Figures 4-17 and 4-18 show the sensitivity of the analysis

to the effects of varying the porosity and dispersivity values, respectively.

The results of the two tests indicate that the effective porosity ranges between 0.22 and 0.30, and the

dispersivity ranges between 3.7 and 6.3 m(12 and 22 ft). Based on the assumptions of the analysis,

the values determined from the second test are probably more representative of the aquifer properties.

The wells used in the second test were more than twice as close as the wells used in the first test, and

thus much more likely to create the flow field described by the mathematics. With a transmissivity

estimated to be 20,000 m2/day (216,000 ftZ/day), pumping at 106 L/min (28 gal/min) would not result

in more than 1.3 cm (0.5 in.) of drawdown outside the well casing (according to the Theis equation).

Thus, the influence of the pumping on the aquifer would not extend out very far radially from the

well. With such a small hydraulic change in the aquifer, differentiating between the transport caused
by the pumping and the transport because of ambient conditions becomes difficult. As the distance

between the wells increases, the injected bromide would be less likely to follow a direct path to the
extraction well, and the extraction well would pump more ambient water than tracer-charged water
from the injection well. Tracer arriving at the extraction well would be more diluted than the
mathematics would dictate, thus skewing the analytical curve toward higher porosity and dispersivity
values. The wells used in the second test were probably close enough to establish the flow field
described by the analytical equation, and the values derived from that analysis provide good estimates
of the aquifer properties. The results from the first tracer test provide bounds on the maximum
values of the porosity and dispersivity. Although greater in magnitude than the results from the
second test, the values from the first test are within reason for such a highly transmissive aquifer.

As a check of the values determined from the tracer analyses, the gradient calculated from the tracer
analysis was compared to the drawdown predicted by the Theis equation. The tracer test gradient was
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based on the straight-line distance between the injection and recharge wells and the travel time along

this streamline. The actual gradient would have to be greater than this value because all other

streamlines are longer than the straight-line distance. Using Darcy's law,

q _ K AH
v - -

^ (^ Ax

where:

v = groundwater linear velocity (m/day)

q = darcy flux (m/day)

¢ = porosity

K = hydraulic conductivity (m/day)

AH = hydraulic head difference (m)

Ax = distance (m).

Equation 2 can be rearranged to solve for the hydraulic head difference,

AH = 2^t Ax
K

(2)

(3)

The velocity can be estimated from the travel time along the straight line connecting the two wells
(provided in the output files: 206.6 It for test 1 and 28.3 It for test 2) and the distance between the

two wells [17.46 m(57.28 ft) for test 1 and 7.32 m(24.02 ft) for test 2]:

vt =( 57.28ff )( 24hr) = 6.66 ft or 2.03m
206.6hr lday day days

and

vZ
24.02ff

)(
24hr

21.5
fr

or 6.56
m
-

26.8hr lday day day

For K = 1,500 m/day (4,800 ft/day) (e.g., see Connelly et al. 1992) and 0 = 0.25 (based on the
tracer test results),

AHl = (6.66 ft ) 0.25
(57.28ft)

day
(4800ft

day

= 2.0x10-2ft or 5.9x10-3m

(4)

(5)

(6)

and

OHZ = (21.5h) 0.25 (24.02ft)

day
(4800ft

day

= 2.6x10-2ft or 8.Ox10-3m
(7)

Because the system is symmetrical, the drawdown at the extraction well is one-half of the hydraulic
head difference, or 3.0 x 10' m(1.0 x 10,2 ft) and 4.0 x 10' m(1.3 x 102 ft), respectively.
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The Theis equation can be used to calculate the drawdown as a result of pumping at a well,

s = Q W(u), u = r zsy (8)
4nT 4Tt

where:

s = drawdown (m)

Q = pumping rate (m'/day)

T = aquifer transmissivity (m2/day)

W(u) = well function [see Freeze and Cherry (1979), p. 318 for tabulated values of this function]

r = well screen radius (m)

Sy = aquifer specific yield

t = time (days).

For this analysis, the porosity was substituted for the specific yield and T = 1,500 m/day x 13.7 in
(4,800 ft/day x 45 ft) = 20,000 m'/day (216,000 ft2/day). For a well screen radius of 0.051 in
(0.167 ft) (4-in.-diameter well) and a time of 3 days ( sufficient to reach reasonably steady-state
conditions),

u = (0.051m)z(0.25) = 2.7 x 10-9
2 (9)

4(20,000 ^y)(3days)

and W(2.7 x 10 °) = 19.33. For a pumping rate of 154.2 m'/day (5,448 ft'/day) (28.3 gal/min), the
drawdown is

(154.2m)

st = day
2

( 19.33) = 1.2 x 10 Zm (10)

(4)(R)(20,000
day

)

For a pumping rate of 151.5 m'/day (5,352 ft'/day) (27.8 gal/min), the drawdown is

3

(151.5m)
sz = day 2 (19.33) = 1.2x10-zm (11)

(4)(n)(20,000
day

)

The drawdown values calculated by the two methods are the same order of magnitude (3.0 x NO and
4.0 x 10' in compared to 1.2 x 10-Z and 1.2 x 102 in, respectively), and provide additional
confidence in the values calculated by the tracer test analysis. As noted before, the drawdown
determined from the tracer test analysis represents a minimum value; the actual drawdown would be
expected to be greater, bringing the values into even closer agreement.
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Figure 4-5. Cesium-137 Extraction at the 216-B-5 Reverse Well Site.
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Figure 4-8. Cobalt-60 Extraction at the 216-BY Cribs Site.
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Figure 4-9. Technetium-99 Extraction at the 216-BY Cribs Plume Site.
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Figure 4-11. Groundwater Sampling Map for Sonic Push Testing at 216-BY Cribs.
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Figure 4-12. In Situ Velocity Flowmeter Test Wells in the 216-BY Cribs Plume.
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Figure 4-13. Comparison of the Analytical Solution Output to the Measured

Bromide Concentration at Well 299-E28-23.
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Figure 4-14. Sensitivity Analysis of the Analytical Solution Output

to the Porosity Term Varied by 17%.
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Figure 4-16. Comparison of the Analytical Solution Output to the Measured
Bromide Concentration at Well 299-E28-23.
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Figure 4-17. Sensitivity Analysis of the Analytical Solution Output
to the Porosity Term Varied by 27%.
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Figure 4-18. Sensitivity Analysis of the Analytical Solution Output
to the Dispersivity Term Varied by 25%.
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Table 4-1. Summary of Well Suitability Activities and Production Data.

Well Camera
Survey

Well

Scrubbed/
Cleaned

Well
Redeveloped

Well
Deepened

Head
Loss/Gain

Pu,nP/

Injection
Rate

(L/min)

299-E28-1 Yes Yes No No 0.2/5.5 75/76

299-E28-2 Yes Yes No No NMD/- 76

299-E28-7 No No No No NMD/1.5 16.3/208

299-E28-23 No No No No .01/- 70

299-E28-24 No No Yes No 8.3/- 5.7

299-E28-25 No No No No 0.2/- 76.5

699-49-55A Yes No No No 9/6.4 8.7/76

699-49-57A Yes No No No NMD 23

699-50-53A No No Yes Yes' 16.5 19

'Well 699-50-53A was drilled over 6 m(20 fQ into the upper basalt. The extraction pump was
placed within the basalt to increase well yield due to the limited saturated thickness.

NMD = no measurable drawdown.
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Table 4-2. 216-B-5 Reverse Well Baseline Water Quality Data. (Section 4.3.1.2) (2 Sheets)

Well Date Sampled Contaminant Activity Units

03-23-94 Cs
'

_0.8 pCi/L
299-E28-1 --- ------ --------- ----------------

03-23-94 "'Cs -5.63 pCi/L

299-E28-2' -- -- --

299-E28-5' -- --

299-E28-7 04-18-94
---------------

"'Cs
----------------

15.3
----------------

pCi/L
----

08-30-94 "'Cs 35.5
------------
pCi/L

03-29-94 137Cs 2,215
-----

pCi/L
-----

299-E28-23 06-30-94
-----------------

"'Cs
-----------------

2,550°
-----------------

pCi/L
------- - -------

07-18-94 "'Cs 2,030
- -

pCi/L

299-E28-24' -- -- --

03-29-94
----------------

137Cs
----------------

180
-- -------------

pCi/L
----- -

299-E28-25 07-20-94
----- ---------

137Cs
----------------

234/159`
----------------

-
pCi/L

------------ ---
08-29-94 "'Cs 280

-
pCi/L

299-E28-1 03-23-94 239n40Pu -0 pCi/L

299-E28-2' -- -- --

299-E28-5a -- -- --

299-E28-7 04-18-94 239/240Pu -0 pCi/L

03-29-94
---- ---

239n40Pu
----------------

25.7
----------------

pCi/L
- ----

299-E28-23 06-30-94
----- ---

2391240Pu
----------------

20.1"
----------------

-
pCi/L

----------------
07-18-94 239/240Pu 77.8`/25° pCi/L

299-E28-24' -- --

03-29-94 239/240Pu 17.35 pCi/L
p299-E28-25 ------ ------------ ---------------- ----------------- -----------------

08-29-94 230'240Pu 0 pCi/L

299-E28-1 03-23-94 'Sr 0.12 pCi/L

299-E28-2' -- -- -- --

299-E28-5' -- -- -- --

299-E28-7 04-18-94
-----------------

90Sr
-----------------

160
-----------------

pCi/L
---

08-30-94 'Sr 190
--------------

pCi/L

03-29-94
---- ---

'Sr
------- ------

9,460
----------------

pCi/L
----

299-E28-23 06-30-94
---- ---

^Sr
----------------

11,400"
----------------

------------
pCi/L

------ --
07-18-94 90Sr 8,690/4,710`

P -------
Ci/L

299-E28-24" -- -- -- --
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Table 4-2. 216-B-5 Reverse Well Baseline Water Quality Data. (Section 4.3.1.2) (2 Sheets)

Well Date Sampled Contaminant Activity Units

03-29-94 90Sr 4_720 Ci/L
299-E28-25

----- ------

f

------

----

..... . -----

07-20-94 'Sr 4,250 pCi/L

NOTES:
'Well not sampled.
"Value used for initial resin testing.

°Possible outlier.
°The two values represent changes in concentration over time during well suitability testing.
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Table 4-3. Summary of the Average Concentration of

Contaminants in Groundwater During Pumping.

Ranking' Run # and Pumping Cycle Contaminant
Average Concentration

(pCi/L)

1 Run 2. Pumping 99.94 L/min, "'Cs 1,590

8 h/day.

2 Run 2. Continuous pumping at °'Cs 1,490

105.2 L/min.

3 Run 1. Continuous pumping at "'Cs 1,425
107.1 L/min.

4 Run 1. Pumping 101.1 L/min, °'Cs 1,360

8 h/day.

1° Run 2. Pumping 99.9 L/min, 7391MPu 20

8 h/day.

1° Run 2. Continuous pumping at 239'240Pu 20
105.2 L/min.

2 Run 1. Pumping 101.1 L/min, 2391240Pu 19

8 h/day.

3 Run 1. Continuous at pumping 23912a0Pu 17
107.1 L/min.

1 Run 2. Pumping 99.9 L/min, 90Sr 4,970

8 h/day.

2 Run 2. Continuous pumping at BOSr 4,488
105.2 L/min.

3 Run 1. Continuous pumping at 'Sr 3,894
107.1 L/min.

4 Run 1. Pumping 101.1 L/min, 'Sr 3,663
8 h/day.

'A "1" denotes the highest average concentration of contaminant in the groundwater during
treatability testing; a"4" denotes the lowest.

The average concentration of 239'z"0Pu in the groundwater is the same.
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Table 4-4. 216-BY Cribs Baseline Groundwater Data.

Well Date Sampled Contaminant Activity Units

299E33 7
04-26-94

08-29-94

Co
^--
Co

22.1------- -----

9.02

----- -----pCi/L

pCi/L

299-E33-13 04-14-95 'Co 9.21 pCi/L

299-E33-14 04-28-94 'Co 3.61 pCi/L

299-E33-26 04-28-94 `0Co 5.95 pCi/L

699-49-55A 04-11-94 'Co 7.83 pCi/L

699-49-57A 04-11-94 'Co 17 pCi/L

699-50-53 A
04-11-94

----------------
06-30-94

Co
------,,--------

Co

27.2

28.3

pCi/L
---------

pCi/L

699-52-54 04-21-94 'Co 74.3 pCi/L

699-52-57 04-20-94 'Co 5.47 pCi/L

699-55-57 04-19-94 6fCo 50.4 pCi/L

699-57-59 04-15-94 'Co -4.53 pCi/L

699-59-58 04-21-94 61Co 1.2 pCi/L

699-60-60 04-21-94 60Co -0.46 pCi/L

49-53° 07-30-94 'Co 9.7 pCi/L

49-54° 07-26-94 'Co 20.1 pCi/L

50-541i 07-28-94 'Co 19.2 pCi/L

299-E33-7
04-26-94

----------------
08-29-94

Tc
-------^-------

Tc

619

685

pCi/L
------

pCi/L

299-E33-13 01-14-94 99Tc 1,380 pCi/L

299-E33-14 04-28-94 99Tc 34.7 pCi/L

299-E33-26 04-28-94 99Tc 775 pCi/L

699-49-55A 04-11-95 'Tc 381 pCi/L

699-49-57A 04-11-94 99Tc 1,525 pCi/L

699-50-53A
04-11-94

06-30--94

T-
99 -------
Tc

1_90

1,4M

pCi/L
---------

pCi/L

699-52-54 04-21-94 "Tc 4,310 pCi/L

699-52-57 04-20-94 09Tc 2.47 pCi/L

699-55-57 04-19-94 "Tc 2,100 pCi/L

699-57-59 04-15-94

-

"Tc 49.9 pCi/L

699-59-58 04-21-94 "Tc 221 pCi/L

699-60-60 04-21-94 99Tc 144 pCi/L

49-53° 07-30-94 99Tc 200 pCi/L

49-54° 07-26-94 99Tc 480 pCi/L

50-54° 07-28-94 99Tc 1,380 pCi/L

NOTES:
"Value used for initial resin testing.
°Sonic push groundwater samples.
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Table 4-5. Sonic Push Activity Summary.

Date Hole Activity

Number

07/19 49-53 Mobilize to site, push rod to refusal at 26 ft, push to

refusal at 24 ft, run pilot casing.

07/20 49-53 Run pilot casing, push rod to refusal at 124.6 ft, plug and abandon

hole.

07/21 48-52 Mobilize to site, push rod to refusal at 36 ft, run pilot casing, push

rod to refusal at 168.9 ft.

07/22 48-52 Repairs to rig, plug and abandon hole.

07/23 Rig Repairs, Weekend.

07/24 Weekend.

07/25 49-54 Mobilize to site, run pilot casing.

07/26 49-54 Push rod, fish rod, push to refusal below water table at 133 ft,

establish Radiation Control Area (RCA), collect groundwater

sample, plug and abandon hole.

07/27 50-54 Mobilize to site, run pilot casing, fish pilot casing, run pilot casing,
push rods to refusal and breakage at 112 ft, plug and abandon hole.

07/28 50-54 Push rods to refusal below water table at 162 ft, establish RCA.
collect groundwater samples, plug and abandon hole.

07/29 49-53 Water Development Company, Bechtel Hanford, Inc. contract
meeting, mobilize to site, run pilot casing.

07/30 49-53 Run Pilot casing, push rods to refusal below water table at 135.6 ft,

establish RCA, collect samples, plug and abandon hole.

07/31 Weekend.

08/01 48-52 Mobilize to site, rig repairs, run pilot casing, push rod to 37 ft.

08/02 48-52 Continue to push rod to refusal and breakage at 61 if, Magnaflux all

rods available, push to refusal and breakage at 161 ft.

08/03 49-51 Plug and abandon 48-52, mobilize to 49-51, run pilot casing,
Magnaflux rods used yesterday, push rod to refusal and breakage at
135 ft, decide new rod needed.

08/04 49-51 Start long weekend.

08/05 Weekend.

08/06 Weekend.

08/07 Weekend.

08/08 Weekend.

08/09 Waiting for new rod.

08/10 49-51 Ready new rod, push rod to refusal and breakage at 131 ft (same
pilot hole), plug and abandon 49-51, mobilize to 48-54, run pilot
casing, push rods to breakage at 53 ft, fish rod.

08/11 48-54 Push rod to refusal and breakage at 193 ft, plug and abandon 48-54,
return to 49-51, run starter casing, Magnaflux rods used for last
push, push rod to suspected refusal at 134.9 ft, stop for the day.

08/12 49-51 Continue to push, refusal and breakage at 135 ft, major rig repairs

I required, hole plugged and abandoned on 08/13.
I
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Table 4-6. Measurement Results from Sonic Push.

Depth to Depth to
Aquifer

'Co "Tc
Hole Number

Water (m b s)g Basalt m b s( B )
Thickness

(pCi/L) (pCi/L)(m)

49-54 38.1 40.5 2.19 ND 480

50-54 47.2 49.4 2.10 ND 1,380

49-53 39.3 41.1 1.95 ND 200

bgs = below ground surface

ND = not detected.

Table 4-7. Groundwater Data Collected Over Time at Well 699-55-57 During Production Testing.

Elapsed Time
(min)

Liters pumped
"Co

(pCi/L)
°'Cs

(pCi/L)
"Tc

(pCi/L )

32 356 27.1 3.3 1,790

152 1,684 34.9 2.83 1,970

272 3,016 34.9 2.26 1.950

392 4,346 22.6 1.89 1,960

512 5,678 35.6 0.55 2,160
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Table 4-8. In Situ Flow Meter Results. (2 Sheets)

W ll DBWL ft
Velocity (ft/d)

Di ie ( ) rect on
0.20% 0 = 0.25%

299-E32-2 3.7 0.89 0.7 S30°E
7.7

------ --
1.8

-------
1.4

------
S34.3°E

Average
--- - ------- --------

1.0
------------------

S24°E

299-E33-30 4.3 0.73 0.58 S69.9°W
8.3 0.66 0.53 S63°W

12.3
-

0.45 0.36 S68°W

Average
- ---------- -------------- --------------

0.49
------------------

S67 °W

299-E33-31 2.9 1.7 1.3 522.6 °W
6.9 2.1 1.7 S18.7°E
8.9

---------
0.59 0.47 S20.0°W

Average
--- -------------- --------------

1.1
------------------

S2°W

299-E33-35 2.8 0.33 0.27 S42.2°W
5.8 1.2 0.94 S78.4°W
8.8 0.23 0.18 S21.3°W

Average
------------ -------------- --------------

0.43
------------------

S64.5°W

299-E33-38 4.2 1.4 1.1 S23.6°W
8.2 2.4 2.0 S15.6°W

Average
------------ -------------- --------------

1.6
------------------

S18.4°W

299-E34-5 1.4 2.37 1.9 S46.6 °W

299-E34-11 2.0 1.2 0.96 N51.4 ° E
3.5

------- ---
1.1

---------- ---
0.87

-
N51.4°E

Average
------- ----

0.92
------------------

N51.4°E

699-48-50 1.2 < 0.04 < 0.04 a
5.7 0.60 0.48 S18.6°E
9.7

------- ---
0.04

-------- -
<0.04

------- --
(S52.7°E)'

---
Average 0.48

---------------
S18.6°E

699-52-54 0.9 0.04 < 0.04 (S46.5°E)'
1.4

--------------
<0.04 <0.04

--------------
a

Average
- ---------------

No valid value
-------------------

699-52-57 0.8 1.4 1.1 N2.9°E

699-55-55 2.1 1.5 1.2 N 1.0 ° E
5.1 0.99 0.79 N21.7 °W
8.1

------- ----
1.1

--------------
0.91

--------
N4.3°E

Average
---

0.95 N4.1°W
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Table 4-8. In Situ Flow Meter Results. ( 2 Sheets)

Velocity (ft/d)
W ll DBWL (fte ) Direction

0 = 0.20% 0 = 0.25%

699-59-58 2.2 0.60 0.48 S 11.20W
6.3 0.77 0.61 S35.0°W
9.3

------------
1.2

--
0.93 S43.9°W

Average
------------ --------------

0.66
------------------

533.5°W

699-60-57 3.0 2.0 1.6 579.3°W
65.5 0.86 0.69 N55.6°E
69.5

------------
1.6

-----
1.2 N58.1 °E

Average
--------- --------------

0.96"
-------------------

N57.2°E

NOTES:
'Flow velocities below 0.04 ft/day are below practical measurement capabilities of instrument.
Values in parentheses are directions for velocities calculated using 0.20% porosity.

nOnly the two lower flow velocities and directions were used in determining the average values.

Average = average value calculated using vector addition methods. NOTE: not an arithmetic
average.

DBWL = depth below water level

0 = effective porosity
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Table 4-9. Synopsis of Tracer Test 1 Events.

Day Hour
Flow Rate
(L/min)

Volume
(L)

Begin Bromide Injection 02/06/95 08:24

End Bromide Injection 02/06/95 - 10:25'

Average Bromide Injection Rate 198.7

Bromide Injection Volume -21,198°

Bromide Injection Sample 1 02/06/95 08:39

Bromide Injection Sample 2 02/06/95 09:35

Bromide Injection Sample 3 02/06/95 10:05

Begin Effluent Injection 02/06/95 14:15

End Effluent Injection 02/11/95 04:00

Average Effluent Injection Rate 98

Begin Effluent Extraction 02/06/95 08:02

End Effluent Extraction 02/11/95 04:00

Average Extraction Rate 107

Effluent extraction off February 7, 1995, 07:20 to 07:55 for generator service.

Begin Effluent Sampling (Continue Hourly) 02/06/96 08:56

NOTES:
'Time estimated from the effluent tank volume and the average injection rate.
'Volume calculated from effluent tank dimensions and height of water in tank.
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Table 4-10. Synopsis of Tracer Test 2 Events.

Day Hour
Flow Rate
(L/min)

Volume
(L)

Begin Bromide Injection 05/21/95 08:36

End Bromide Injection 05/21/95 - 10:30'

Average Bromide Injection Rate 190

Bromide Injection Volume 23,352"

Bromide Injection Sample 1 05/21/95 08:40

Bromide Injection Sample 2 05/21/95 09:10

Bromide Injection Sample 3 05/21/95 09:40

Bromide Injection Sample 4 05/21/95 10:10

Begin Effluent Injection 05/21/95 10:30

End Effluent Injection 05/26/95 11:00

Average Effluent Injection Rate 83

Begin Effluent Extraction 05/21/95 08:02

End Effluent Extraction 05/26/95 11:00

Average Extraction Rate 107

Effluent extraction off May 23, 1995, 07:27 to 07:47 for generator service.

Begin Effluent Sampling (Continue Hourly) 05/21/96 08:46

NOTES:
'Time estimated from the effluent tank volume and the average injection rate.
hVolume calculated from effluent tank dimensions and height of water in tank.
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5.0 ASSESSMENT OF 200-BP-5 PLUMES

In addition to reporting the results of the pilot-scale treatability tests, a major objective of the
200-BP-5 Treatability Test Report as discussed briefly in Section 2.6.8 is to present assessments of
the three major plumes in the 200-BP-5 Operable Unit, To achieve this objective, Section 5.1
presents background data on the processes and plants that were the source of the groundwater
contamination. Section 5.2 provides details of the history of changes in the water-table level and
groundwater chemical concentrations because of the Hanford Site operations. The comprehensive
plume-specific data are then used in Section 5.3 to develop interpretations relating to the contaminant
plumes originating from the B-5 Reverse Well, the BY-Cribs, and the Gable Mountain Pond. For
each contaminant plume, the interaction and interrelationship of Hanford Site process operations, the
chemistry of the contaminant constituents, and the local geology and hydrology are evaluated to
determine the most probable models of contaminant behavior and transport in the subsurface
environment. This information is then incorporated in Section 5.4 into determinations of the risk to
human health presented by each plume. Data uncertainties are evaluated and data needs are identified
in Section 5.5.

5.1 OPERATIONAL HISTORY

The Hanford Site, established in 1943, was originally designed, built, and operated to produce
plutonium for nuclear weapons using production reactors and chemical reprocessing plants. In
March 1943, construction began on three reactor facilities (B, D, and F Reactors) in the 100 Areas
and three chemical processing facilities (B, T, and U Plants) in the 200 Areas. After World War Il,
six more reactors were built (H, DR, KW, KE, and N Reactors). Shutdown of the reactors began in
1964. By 1971, eight of the nine reactors were shut down. Shutdown of N Reactor began in
October 1991.

Operations in the 200 Areas (200 East and 200 West Areas) are related to separation of plutonium
and uranium from irradiated nuclear fuel. Irradiated nuclear fuel from the reactors was stored in
facilities in the 200 North Aggregate Area before transfer to separation facilities in the 200 East and
200 West Areas. Each separation facility consisted of a canyon building that contained most of the
chemical processing systems, tank farms, and ancillary process control buildings, many with their
own waste streams. The 200 Areas also contain nonradioactive support facilities, including
transportation maintenance buildings, service stations, coal-fired powerhouses for process steam
production, steam transmission lines, raw water treatment plants, water-storage tanks, electrical
maintenance facilities, and subsurface sewage disposal systems.

Highly radioactive waste streams from the separations process were predominantly discharged to tank
farms; moderate-activity wastes were discharged to the soil column using cribs, trenches, French
drains, and reverse wells; and low-activity waste streams were predominantly discharged to the soil
column using ponds and ditches.
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5.1.1 200 Area Facility Operational Histories

The 200 East Area has one active processing area, B Plant, and two inactive processing areas [the
PUREX Plant and Semi-Works (C Plant)] (Figure 5-1). The 200 North Aggregate Area is north of
and approximately midway between the 200 East and 200 West Areas. The 200 West Area has four
inactive processing areas: S Plant, T Plant, U Plant, and Z Plant (Figure 5-2). The following
sections summarize operations and waste disposal information for the 200 East and 200 West Area
separation facilities and the 200 North Aggregate Area facilities.

5.1.1.1 B Plant Aggregate Area. The major processes at the 200 East B Plant Aggregate Area
involved extraction of plutonium from irradiated uranium fuel; purification, precipitation, and
encapsulation of cesium and strontium from PUREX-derived waste streams; various waste-handling
processes such as evaporation; and transfer of single-shell tank waste.

The 221-B Building is one of the main B Plant facilities. It began operation in 1945, separating
plutonium from irradiated nuclear fuel by the bismuth phosphate (BiPO4) process. The BiPO4 process
produced a dilute plutonium nitrate solution that was then purified and concentrated in the 224-B
Building using a lanthanum fluoride process. The concentrated plutonium nitrate solution was then
transferred to the Z Plant Aggregate Area for further refinement. Plutonium separation operations at
B Plant ceased in 1952. Various waste treatment operations began at the 221-B Building in 1965,
such as 13'Cs and 'Sr recovery from 216-BY Tank Farm liquids and from the U Plant Uranium
Recovery Project waste stream. Several additions to the 221-B Building, such as the 225-B Waste
Encapsulation and Storage Facility (WESF) and the 221 Cask Transfer Facility, were constructed to
support waste treatment operations.

Some B Plant tank wastes were transferred to the U Plant area for uranium recovery between 1952
and 1956. The wastes were then returned to the B Plant area and disposed to the ground using the
BY-Cribs. Waste evaporators and ITS units have been used in the 241-B, 241-BX, and 241-BY Tank
Farms to minimize the volume of waste in the tanks. Condensate from ITS B-5 Reverse Well and
BY-Cribs was discharged to the 216-B-50 and 216-B-57 Cribs, respectively.

5.1.1.2 PUREX Plant Aggregate Area. Recovery of uranium and plutonium from irradiated
nuclear fuel was the principal activity at the 200 East PUREX Plant Aggregate Area. In the PUREX
process, irradiated uranium fuel was dissolved in a nitric acid solution, and then the uranium and
plutonium were separated from the solution by a solvent extraction process using tributyl phosphate
(TBP) in normal paraffin hydrocarbon solvent. The 202-A Canyon Building, the main facility in the
PUREX Plant Aggregate Area, operated from 1955 until 1972 and was shut down from 1972 until
1983. Operations at the 202-A Canyon Building resumed in 1982 and were terminated in December
1992. Other facilities active in the PUREX Plant Aggregate Area include the 293-A Building, the
204-AR Waste Unloading Station, and the 242-A and 243-A Evaporators. The 242-A Evaporator
started in 1977 and continues to treat wastes stored in tanks. The 242-A Evaporator steam condensate
and cooling water continues to be discharged to the 216-B-3C Pond in the near term.

The PUREX Plant Aggregate Area contains eight tank farms. The 241-A, 241-AX, and 241-C Tank
Farms are inactive and have undergone initial stabilization. The 241-AN, 241-AP, 241-AW,
241-AY, and 241-AZ Tank Farms are active.

5.1.1.3 Semi-Works Aggregate Area. The 201-C Process Building and the Critical Mass
Laboratory (209-E Building) are the principal facilities in the 200 East Semi-Works Aggregate Area.
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The 201-C Process Building was constructed in 1949 as a pilot plant for separation of uranium and
plutonium from irradiated nuclear fuel using the reduction-oxidation (REDOX) process. The
201-C Process Building was converted in 1954 to a pilot plant for the PUREX process and functioned
in this capacity until 1956, when operations were terminated. In 1961, the 201-C Process Building
was converted to recover strontium from fission product waste and also to recover cesium,
technetium, and promethium. This facility operated until 1967. Decommissioning work began in
1983, and more than 49,210,200 L (30,000,000 gal) was discharged to the ground during operations.

The Critical Mass Laboratory (209-E Building) in which criticality experiments and research were
conducted operated from 1960 to 1983.

5.1.1.4 200 North Aggregate Area. Irradiated nuclear fuel from the plutonium production reactors
in the 100 Areas was stored in the 200 North Aggregate Area to allow decay of short-lived
radionuclides. The 212-N, 212-P, and 212-R Buildings were constructed in 1944 and used until 1952
for this purpose. Large quantities of water were pumped from wells 699-55-60A and 699-55-60B to
cool the stored fuel. The cooling water was then discharged to the 216-N-1, 216-N-4, and 216-N-6
Ponds. The 212-N, 212-P, and 212-R Buildings have been used for other purposes since 1952.

5.1.1.5 S Plant Aggregate Area. S Plant was constructed in the 200 West Area between May 1950
and August 1951 to separate plutonium and uranium from irradiated nuclear fuel using the REDOX
chemical separation process. In the REDOX process, irradiated uranium fuel was dissolved in a nitric
acid solution, and then the uranium and plutonium were separated from the solution by methyl
isobutyl ketone solvent extraction. The plant operated from 1951 until it was shut down in July 1967.
The major waste streams from S Plant were dissolution waste, aqueous process waste, and organic
process wastes that were discharged to tanks and cribs. Also, during the period 1951 through 1991, a
total of 59,700,000,000 L (15,800,000,000) gal of cooling water was discharged to six ponds:
216-S-10P, 216-S-11, 216-S-15, 216-S-16P, 216-S-17, and 216-S-19; and two associated ditches:
216-S-10D and 216-S-16D (DOE-RL 1993b). The ponds and ditches are situated southwest and west
of the plant.

5.1.1.6 T Plant Aggregate Area. T Plant was built in the 200 West Area in 1944. It was one of
the first plutonium separation facilities at the Hanford Site and used the same BiPO4 process used by
B Plant to separate plutonium from irradiated nuclear fuel in the 221-T Building. The dilute
plutonium nitrate solution was purified and concentrated in the 224-T Bulk Reduction Building and
then sent to the Z Plant Aggregate Area for further refinement. Operations at the 221-T and
224-T Buildings ceased in 1956. Primary waste streams from the 221-T and 224-T Buildings
included process waste and aqueous process waste that was discharged to tanks, cribs, and trenches.
Decontamination water was discharged to a crib. Also, a total of 60,945,000,000 L
(16,100,000,000 gal) of cooling water was discharged to 216-T-4 Ponds, 610 m (2,000 ft) west of
T Plant, from 1944 through 1976 (DOE-RL 1993b).

The 221-T Building, presently known as the Containment Systems Testing Facility, was used for a
series of testing programs from 1964 to 1990. Activities in the 221-T Building now include
radioactive decontamination, reclamation, and decommissioning of process equipment.

5.1.1.7 U Plant Aggregate Area. U Plant was constructed in the 200 West Area in 1944 to
separate plutonium from irradiated nuclear fuel using the BiPO4 process. However, the process was
never used at U Plant because B Plant and T Plant were sufficient to meet plutonium production
requirements. The 221-U Building was converted for the Uranium Recovery Project when existing
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tank space became limited. Recovery of uranium from the BiPO4 waste took place in the
221-U Building between 1952 and 1958 using a TBP process. The 221-U Building went on standby
in 1958 and has not been used for uranium separation since that time. Primary waste streams from
the 221-U Building include process waste and water from uranium recovery that was discharged to
cribs, French drains, ponds, and ditches, and spent solvents and carbonate scrub solution from solvent
treatment that was discharged to cribs. From 1944 through 1985, a total of 165,000,000 L
(43,600,000,000 gal) of cooling water was discharged to the 216-U-10 Pond (DOE-RL 1993b).

The 224-U Building began operation in 1952 as a uranium reduction facility and was converted in
1955 to support PUREX Plant activities. A stabilization run was completed in 1994. Primary waste
streams from the 224-U Building include process waste and water from the U03 conversion that was
discharged to the 216-U-10 Pond, cribs, and ditches.

5.1.1.8 Z Plant Aggregate Area. Operations at Z Plant in the 200 West Area began in 1945 at the
231-Z Plutonium Isolation Facility (PIF), which concentrated plutonium nitrate solution produced by
the separation facilities and converted the concentrate to a plutonium nitrate paste for shipment to Los
Alamos, New Mexico, for further refinement. This operation took place from 1945 to 1949.
Primary waste streams from the PIF included process waste and water that was discharged to a
trench, crib, and reverse well.

In 1949, Z Plant was converted to produce plutonium metal and/or plutonium oxide from plutonium
nitrate solutions produced in the separations plants. This Z Plant complex, also known as the PFP,
operated from 1949 to 1973 and intermittently from 1985 to 1988. Primary waste streams from the
PFP included process waste and waters that were discharged to cribs, tanks, ponds, ditches, and
seepage basins. The RECUPLEX Facility (234-5Z Building) and the Plutonium Reclamation Facilitv
(PRF) (236-Z Building) also operated in Z Plant to recover plutonium from the PFP liquid waste
stream. The RECUPLEX Facility began operation in 1955 and shut down in 1962 following a
criticality event. The PRF operated from 1964 to 1979 and from 1984 to 1987. The primary waste
streams from the RECUPLEX Facility included aqueous process waste, organic solvent waste, and
spent silica gel that were discharged to a ditch, pond, trench, and French drain. The primary waste
streams from PRF were aqueous process waste and organic process waste that was discharged to cribs
and tile fields. A process line also operated in the 242-Z Building from 1949 to 1959 and from 1964
to 1976 to recover americium for the PFP waste stream. This line was shut down in 1976 after an
explosion occurred in one of the americium recovery units. The primary waste stream was spent ion-
exchange resin that discharged to ditches and a pond.
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5.1.2 200-BP-5 Contaminant and Effluent Sources

Operational details and effluent disposal histories for the B-5 Reverse Well, BY-Cribs, the
216-B-3 Pond System, and the 216-A-25 Gable Mountain Pond are presented below. The
B-5 Reverse Well and BY-Cribs are discussed because they were sources of the contaminants of
interest to the treatability test. The 216-B-3 Pond system is discussed because discharges of large
volumes of cooling water at the system modified the groundwater flow in and from the 200 East
Area, and probably influenced migration of contaminants from the B-5 Reverse Well and BY-Cribs.
The 216-A-25 Gable Mountain Pond is discussed because discharges of large volumes of cooling
water at this pond modified the groundwater flow from the 200 East Area and because the pond is the
source of a90Sr plume.

5.1.2.1 216-B-5 Reverse Well. The B-5 Reverse Well is an inactive, 92-m- (302-ft) deep, 20-cm-
(8-in.) diameter (Brown and Ruppert 1950) waste management unit located approximately 305 in
(1,000 ft) northeast of the 221-B, 221-T, and 221-U Buildings and east of Baltimore Road. It
received overflow waste from the 241-B-361 Settling Tank, which received waste from the
224-B Concentration Facility and from Tank 5-6 in the 221-B Building from April 1945 until
September 1946. Between September 1946 and October 1947, cell drainage and other liquid waste
from Tank 5-6 was injected into the well (WHC 1991, Brown et al. 1990). Approximately
3.10 x 10' L of liquid was discharged to the 216-B-361 Settling Tank from the 224-B Concentration
Facility and the 221-B Building, containing an estimated 4.28 x 10' g of plutonium and 3.80 x 10' Ci
of mostly short-lived beta-gamma activity (Brown and Ruppert 1950). The waste stream contained an
estimated 76 Ci of 'Sr, 106 Ci of 106Ru, and 81 Ci of "'Cs (Maxfield 1979). Dates of operation,
volumes of waste received, and radiological and chemical inventories for the B-5 Reverse Well are
included in Tables 5-1, 5-2, and 5-3.

In 1947, the water-table elevation in well 299-E33-18 at the 241-BY Tank Farms demonstrated that
the reverse well penetrated approximately 3 m(10 ft) into the groundwater, and that radioactive waste
was being discharged directly into the groundwater. The B-5 Reverse Well was deactivated on
September 27, 1947, and the Tank 5-6 wastes were rerouted to the 216-B-7A and 216-B-7B Cribs
(Maxfield 1979). In November 1947, drilling began on the first of 11 wells to investigate
groundwater contamination associated with B-5 Reverse Well. The last well was completed in
May 1948. The drilling and regular groundwater sampling defined a broad plume of short-lived beta
emitters (106Ru) and a smaller plume of alpha emitters (Brown and Ruppert 1950).

5.1.2.2 216-BY Cribs. The BY-Cribs consist of nine inactive cribs, 216-B-43 through 216-B-50,
and 216-B-57 in the 200-BP-1 Operable Unit (Figure 5-3). The 216-B-43 through 21-B-50 Cribs are
located adjacent to the northern boundary of the 241-BY Tank Farm. The 216-B-57 Crib is located
next to the northwest corner of the 241-BY Tank Farm and southwest of the BY-Cribs. The
216-B-43 through 216-B-50 Cribs are arranged in two north-trending lines of four cribs each; two
lines run north from the 201-B Flush Tank, and individual feed pipes extend perpendicular from the
central lines to individual cribs. Each crib consists of a 4-m- (15-ft) deep by 9-m (30-ft) by 9-m
(30-ft) excavation with a basal layer of gravel covered by layers of gravel, sand, and soil fill.
Effluent was discharged by vertical pipes to the basal gravel layer and then infiltrated into the
underlying vadose zone. The 216-B-57 Crib is a 61-m- (200-ft) long, 3-m- (10-ft) deep, and 4-m-
(15-ft) wide (at the bottom) excavation in which a 30-cm (12-in.) in which a 30-cm- (12-in.) diameter
perforated pipe runs lengthwise. The bottom 1.2 m(4 ft) of the excavation was gravel filled, and the
remaining 1.8 m(6 ft) was backfilled with soil to original ground level. The B Plant Source
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Aggregate Area Management Study Report (DOE-RL 1993c) includes construction details and as-built
drawings in plan- and cross-section views for the cribs.

The 216-B-43 through 216-B-49 Cribs received scavenged TBP supernatant waste from the
221-U Building and the 241-BY tanks. TBP acid waste from the 221-U Building was made alkaline
for transport and sent to the 241-BY Tank Farm, where it was treated with potassium ferrocyanide as
a cesium scavenger. The supernatant from the tanks was allowed to cascade from tank to tank to
allow precipitation of cesium and was then discharged to the cribs (DOE-RL 1990, Jungfleisch 1984).
This supernatant effluent contained large concentrations of radionuclides including "'Cs, a'Co, 106Ru,
'Sr, plutonium, and uranium (Maxfield 1979, Brown et al. 1990, WHC 1991, DOE-RL 1992).
Inorganic compounds in the effluent included ferrocyanide, nitrate, phosphate, sodium, and
sulfate-based compounds. It was intended that discharge at each crib would be stopped before the
specific retention capacity of the vadose zone for radionuclides was exceeded. Discharges to these
cribs began in November 1954 at the 216-B-43 Crib and ended in December 1955 at the 216-B-49
Crib. These seven cribs received a total of 34,000,000 L (9,034,000 gal) of TBP supernatant.
Discharge of the TBP supernatant was halted in 1956 before use of the 216-B-50 Crib could begin, in
1956, when groundwater concentrations of 'Co from a monitoring well adjacent to the cribs exceeded
the discharge limit of 40,000 pCi/L by a factor of more than 100 (Thomas et al. 1956). Dates of
operation, volumes of waste received, and radiological and chemical inventories for the cribs are
included in Tables 5-1, 5-2, and 5-3.

The 216-B-50 and 216-B-57 Cribs received low-level radioactive condensate generated by the ITS
B-5 Reverse Well and BY-Cribs, respectively. The ITS units operated in the 241-BY Tank Farm and
reduced the volume of liquid in the single-shell waste storage tanks. Radionuclides in the ITS
condensate included "'Cs, 106Ru, "Sr, plutonium, and uranium (WHC 1991, Brown et al. 1990).
Dates of operation, volumes of waste received, and radiological and chemical inventories for the cribs
are presented in Tables 5-1, 5-2, and 5-3. The 216-B-50 and 216-B-57 Cribs received a total of
139,300,000 L (36,800,000 gal) from January 1965 through January 1974.

Stabilization of the BY-Crib area began in 1975 and was completed in November 1977
(Maxfield 1979). In 1991, interim stabilization actions under the Comprehensive Environmental
Response, Compensation, and Liability Act were completed at the 216-B-43 to 216-B-50 Cribs and the
216-B-57 Crib. The interim stabilization was performed to eliminate surface contamination and
migration deficiencies, to maintain environmental compliance in preparation for remedial
investigation/feasibility study activities, and to maintain environmental compliance until the final
remediation strategy is implemented.

The Phase I remedial investigation field activities at the 200-BP-1 Operable Unit began in 1990 and
were completed in 1993, and included the BY-Cribs as part of the source and vadose zone
investigations. Crib materials and the underlying unsaturated sediments were sampled and analyzed to
determine contamination levels (DOE-RL 1993d). Column leach testing of materials collected during
the source and vadose zone sampling was performed to assess potential contaminant fluxes that might
be generated by infiltration of water through the vadose zone (DOE-RL 1993d). The Phase I
remedial investigation of the 200-BP-1 Operable Unit included the following hydrologic and geologic
investigation activities:

• A seismic refraction survey
• Groundwater monitoring well installation
• Groundwater sampling and analysis
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• Aquifer testing
• Sorption testing.

Results of these investigation activities and other 200-BP-1 Operable Unit Phase I remedial
investigation activities are presented in the Phase I Remedial Investigation Report for the 200-BP-1
Operable Unit (DOE-RL 1993d).

5.1.2.3 216-B-3 Pond System. The 216-B-3 Pond System consists of the 216-B-3 Main Pond and
the 216-B-3A, 216-B-3B, and 216-B-3C Expansion Ponds. This pond system is a RCRA facility
located approximately 1,100 m (3,500 ft) east of the 200 East Area perimeter fence and
approximately 1,500 m (5,000 ft) northeast of the 202-A Building, as shown in Figure 5-3. The
216-B-3 Pond System received an estimated total waste volume of 261,000,000,000 L
(68,901,000,000 gal) between 1945 and 1995 (WHC 1991, DOE-RL 1994). The 216-B-3C Pond
continues to receive effluent. Dates of operation, volumes of waste received, and radiological and
chemical inventories for the 216-B-3 Ponds are included in Tables 5-1, 5-2, and 5-3. Figure 5-4
shows the estimated annual effluent discharges in liters from all sources inside the 200 East Area, and
from the 216-B-3 Ponds and the 216-A-25 Gable Mountain Pond for the period 1945 through 1994.
Discharges from the 216-B-3 Ponds and the 216-A-25 Gable Mountain Pond locally raised the
water-table elevations in the unconfined aquifer under the 200 East Area, modified the groundwater
flow directions, and may have influenced the movement of the BY-Cribs and B-5 Reverse Well
plumes. Groundwater flow directions are illustrated by six water-table and groundwater flow maps
presented in the 200 East GroundwaterAggregate Area Management Study Report (DOE-RL 1993a)
for the period 1944 through 1991.

B Plant and PUREX Plant were the main sources of effluent discharged to the 216-B-3 Pond System.
The 283-E Water Treatment Facility, 284-E Powerhouse, and Semi-Works also contribute, but to a
lesser extent. Effluent was transported to the pond using a series of unlined ditches, which also
increased the area available for infiltration of effluent, and through buried pipelines. The ditches and
pipelines are shown in Figure 5-5.

The 216-B-2-1, 216-B-2-2, and 216-B-2-3 Ditches transported effluent from sources including
B Plant, 284-E Powerhouse, and Semi-Works to the buried 216-B-2-3 corrugated metal pipeline
(Maxfield 1979), which conveyed the effluent to the 216-B-3-1, 216-B-3-2, and 216-B-3-3 Ditches
feeding the 216-B-3 Pond. The 216-B-2-1 Ditch was used from April 1945 until November 1963; the
216-B-2-2 Ditch, from November 1963 until May 1970; and the 216-3-3 Ditch, from April 1970 until
1987. The 216-B-3-1 Ditch was used from April 1945 until July 1964; the 216-B-3-2 Ditch, from
July 1964 until September 1970; and the 216-3-3 Ditch, from September 1970 until October 1994.
The 216-B-2-1, 216-B-2-2, 216-B-3-1, and 216-B-3-2 Ditches were removed from service after they
were contaminated by unplanned releases of fission products at the PUREX Plant and B Plant Canyon
Buildings. The 216-B-2-3 Ditch was replaced by a buried polyethylene pipeline in 1987, and the
216-B-3-3 Ditch was removed from service when the 216-B-3 Pond was shut down.

Waste streams from B Plant consisted of 221-B Building steam condensate, process cooling water,
and chemical sewer effluent; 241-BY ITS B-5 Reverse Well and BY-Cribs condenser cooling water;
effluent from cleanup of the 207-B Retention Basin; and the WESF cooling water (Stenner
et al. 1988). 284-E Powerhouse contributed water, and 241-CR Vault cooling water came from the
Semi-Works (Stenner et al. 1988).
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Effluent from the PUREX Plant discharged into the western end of the 216-B-3-3 Ditch via the
PUREX Cooling Water Line and the 216-A-29 Ditch. The PUREX Cooling Water Line effluent
included 202-A Building cooling water, process waste, steam condensate, air sampling vacuum pump
seal cooling water, chemical sewer effluent, and acid fractionator condensate; 241-A Ventilation
System Complex cooling water; 242-A Evaporator steam condensate and cooling water; 244-AR Vault
cooling water; 283-E Water Treatment Facility overflow water; and 284-E Powerhouse water
(DOE-RL 1993e, Maxfield 1979, Stenner et al. 1988, WHC 1991). The effluent contained low levels
of radionuclides including Z^'Am, "'Cs, 3H, "'Pm, 106Ru, 'Sr, and plutonium (Brown et al. 1990,
WHC 1991). The 216-A-29 Ditch operated from November 1955 until July 1991. It conveyed
202-A Building chemical sewer effluent, cooling water, and air-sampling vacuum pump effluent to the
216-B-3 Pond via the 216-B-3-3 Ditch (DOE-RL 1993e).

The PUREX Plant steam condensate and cooling water waste streams contributed large volumes of
effluent to the pond. This effluent was primarily river water with little potential for chemical or
radioactive contamination. Although releases into these waste streams occurred, they represent a
small fraction of the waste volume discharged to the pond. Operational records from the 1980's for
the B Pond system show effluent discharge rates of 49,210 to 56,781 L/min (13,000 to
15,000 gal/min).

5.1.2.3.1 216-B-3 Main Pond. The 216-B-3 Main Pond began receiving effluent in
1945 following construction of an earthen dam that impounded a natural topographic depression. The
pond received effluent until 1994 when it was closed. During the 1970's, an area west of the
216-B-3 Main Pond was diked to provide a 1.7-ha (4.1-acre) overflow area adjacent to the pond.

During its 49 years of operation, the area of the 216-B-3 Main Pond ranged from 3.6 to 18.6 ha (19
to 46 acres). In 1994, the pond covered approximately 13 ha (32 acres) and had a maximum depth of
13 ft (Smith 1993). The 1.7-ha (4.1-acre) overflow area west of the 216-B-3 Main Pond was
decommissioned and backfilled in 1985. Discharge of effluent to the 216-B-3 Main Pond ceased in
early 1994 and was followed by interim stabilization actions that were completed in October 1994
(BHI 1995a). These actions also included the 216-B-3-3 Ditch and the 216-B-3A Expansion Pond.

5.1.2.3.2 216-B-3A Expansion Pond. The 216-B-3A and 216-B-3B Expansion Ponds
were built in 1983 to handle the increased discharge flow rate resulting from the restart of the
202-A Building (PUREX Plant) operations. In January 1984, the dike separating the 216-B-3A and
216-B-3B Expansion Ponds breached at the channel connecting the two ponds. The dike was
repaired, a slide gate was installed, and a north-south-trending ditch, 1.8 m (6 ft) deep, 6 m (20 ft)
wide, and approximately 244 m (800 ft) long, was excavated into the bottom of the 216-B-3A
Expansion Pond to improve percolation. The ponds were reopened for use in 1984. The trench
increased the maximum depth of the pond to approximately 1.8 m (6 ft). The 216-B-3A Expansion
Pond remained in service until 1994 when interim stabilization was completed (BHI 1995a).

The 216-B-3A Expansion Pond covered approximately 4.5 ha (11 acres) and was originally
approximately 0.6 to 0.9 m (2 to 3 ft) deep. The surface elevation of this pond was approximately
5.5 m (18 ft) lower than the 216-B-3 Pond. The pond had a very low infiltration rate.

5.1.2.3.3 216-B-3B Expansion Pond. This pond was returned to service in June 1984,
after the dike repair. It is a roughly rectangular, 4.5-ha (11-acre) excavation that is currently dry and
has not been used since 1985. It was dredged in 1986.
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5.1.2.3.4 216-B-3C Expansion Pond. This pond has been active since its construction

in 1985. The 216-B-3C Expansion Pond was built to handle the increased discharge to the

216-B-3 Pond System that arose from the decommissioning of the 216-A-25 Gable Mountain Pond.

The 216-B-3C Expansion Pond is an excavated structure that does not use embankments to impound

effluent. The 216-B-3C Expansion Pond has the lowest elevation of the 216-B-3 Ponds. The
216-B-3C Expansion Pond was excavated in a coarse gravel layer to increase the infiltration rate.

Within the roughly rectangular depression of the pond, a series of distribution channels run the length

of the pond bottom.

5.1.2.4 216-A-25 Gable Mountain Pond. The 216-A-25 Gable Mountain Pond , the largest of the
Hanford Site pond-type effluent disposal facilities, was a 29-ha (71-acre) natural depression located
1.6 km (1 mi) south of the west end of Gable Mountain. An estimated total 307,000,000,000 L
(81,100,000,000 gal) of effluent, principally from the 202-A Building, was discharged to the
216-A-25 Pond between 1957 and 1987 (Coony and Thomas 1989) as shown in Figure 5-4. Dates of
operation and volumes of waste received by the 216-A-25 Gable Mountain Pond are shown in
Table 5-1. Discharges to the 216-A-25 Pond locally raised the water-table elevation north of the
200 East Area, modified the groundwater flow directions, and may have influenced the movement of
the BY-Cribs and B-5 Reverse Well plumes.

Waste reached Gable Mountain Pond through the PUREX Cooling Water Line. This corrugated
metal pipeline was broken and capped when the Gable Mountain Pond was decommissioned in 1987.
Effluent discharged to the 216-A-25 Gable Mountain Pond by the PUREX Cooling Water Line is
discussed in Section 5.1.2.3. Although the 216-A-25 Gable Mountain Pond received low levels of
chemically and radioactively contaminated wastes since its startup, a single unplanned release
(UPR-200-E-34) on June 11, 1964 caused the discharge of about 10,000 Ci of short- and long-lived
mixed fission products to this pond, as well as to the 216-B-3 Pond, and 216-B-3-1 Ditch.
Approximately 7,500 Ci of this release went to the Gable Mountain Pond. Actions were taken in
1964 at Gable Mountain Pond to prevent the spread of contamination, to reduce exposure by
increasing water depth above the contaminated sediments, and to prevent contamination of migratory
wild fowl. The original contaminated pond inlet was replaced with a new inlet (Maxfield 1979)

Cleanup stabilization actions started in July 1984 and were completed in December 1988. The unit
was backfilled with clean pit run soil and cobbles to a minimum of 61 cm (2 ft) above the original
shoreline (Hayward 1989). The pond was revegetated after the entire backfilled area was covered
with 30 cm (1 ft) of topsoil. Wells 699-53-47, 699-55-50C, and 699-52-52 monitor the groundwater
beneath the site of the backfilled pond (WHC 1991). The estimated radionuclide inventory in 1995
for the 216-A-25 Gable Mountain Pond, decayed from the data presented in Table 5-2, is 1.66 x 1(f
Ci of'3'Cs, 1.28 x 10' Ci of'H, 3.37 x 10' Ci of106Ru, 2.06 x 102 Ci of 'Sr, 428 g of plutonium,
4.24 Ci of uranium, and 5.21 x 10" Ci of 241Am.

5.1.3 200 West Area Groundwater Movement

Three pond systems were used in the 200 West Area to dispose of large volumes of liquid effluent,
consisting predominantly of cooling water, from 200 West Area separations and processing plants
(i.e., S Plant, T Plant, and U Plant). These pond systems operated from 1944 until 1985 and
disposed of 265,000,000,000 L (70,100,000,000) gal of effluent. Figure 5-5 shows the estimated
annual effluent discharges in liters to the S Ponds, T Pond, and U Pond for 1944 through 1993. The
largest effluent discharges occurred between 1952 and 1958, and the maximum for the entire 49 years
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occurred in 1953 (Figure 5-6). In later years, the second and third largest volumes of effluent
discharge occurred between 1960 and 1965 and between 1974 and 1980. From 1944 through 1951,

the major effluent discharges occurred at T Pond. Between 1952 and 1959, and between 1966 and

1984, the majority of effluent disposal occurred at U Pond. The S Ponds received most of the

effluent from 1959 through 1965 and since 1984 have been active. Figure 5-7 shows the estimated

annual effluent discharges in liters from all sources in S Plant, T Plant, U Plant, and Z Plant for 1944

through 1993.

This disposal of effluent raised the elevation of groundwater in the unconfined aquifer beneath the

200 West Area, creating a groundwater mound that changed groundwater flow in the unconfined
aquifer (DOE-RL 1993b). The elevation of groundwater increased approximately 14 m(45 ft) by
1951, relative to the 1944 elevation, and by 1955 the groundwater elevation was 23 m(75 ft) higher
than in 1944 (DOE-RL 1993b). Through 1987, the groundwater elevation was 17 to 18 m(55 to
60 ft) higher than in 1944 (DOE-RL 1993b). The apex of the mound was centered over the U Plant
area until 1955; by 1965, it had shifted south approximately 3 km (1.9 mi) to an area near the

S Ponds. By 1973, it had moved north to the U Pond area (DOE-RL 1993b). Because of the
decommissioning of the 216-U-10 Pond in 1984, the mound has fallen significantly; groundwater
elevations decreased by 3 m(10 ft) between 1985 and 1990 near the pond (DOE-RL 1993b).

Before the 200 West Area effluent discharges began at the Hanford Site in 1944, the general
groundwater flow direction in the unconfined aquifer was from west to east, with some flow north
through the gap between the Yakima Ridge and Gable Butte (DOE-RL 1993b). Groundwater flow
directions are illustrated by seven water-table and groundwater flow maps presented in the 200 West
Groundwater Aggregate Area Management Study Report (DOE-RL 1993b) for the period 1944
through 1987. These maps show a generally radial groundwater flow pattern resulting from the
200 West Area effluent discharges, with some groundwater flow northward through the gap between
Gable Butte and Gable Mountain in addition to the flow through the gap between the Yakima Ridge
and Gable Butte (DOE-RL 1993b). The groundwater flow directions have also been influenced by
agricultural irrigation in the Cold Creek Valley, which is located west of the 200 West Area
(DOE-RL 1993b).

5.2 HISTORICAL GEOSCIENCES INFORMATION

This section explains how the regional aquifer has been modified by local waste stream discharges and
how the radionuclide and chemical plumes have migrated during the operational history of the site.
Water-table distribution and plume migration have been monitored since the early days of the Hanford
Site and are discussed in this section.

5.2.1 Water Levels

Artificial recharge of the unconfined aquifer from liquid effluent disposal to surface ponds, cribs, and
ditches has had a profound impact on the water-table distribution beneath the 200 East Area.
Approximately one-half of the liquid effluent waste disposed of to the ground in the 200 East Area
was routed to two surface ponds, 216-B-3 (B Pond) and 216-A-25 (Gable Mountain Pond). The
remainder was disposed of to numerous cribs and ditches (Figure 5-8).
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The effect of groundwater mounding on the water table beneath the 200 East Area is illustrated in
Figure 5-9. The January 1944 map is an estimated pre-Hanford Site water-table map. The flow

illustrated in the figure is generally from west to east/southeast. As stated in Section 5.1, B Pond

began receiving liquid effluent waste in 1945, and the development of a groundwater mound beneath

the facility is clearly evident in the March 1951 map. Disposal to the facility has continued to the
present, and the mound appears in each subsequent water-table map. Gable Mountain Pond began

receiving effluent wastes in 1957 and continued operations until 1985. In the June 1960 contour map

the Gable Mountain Pond and B Pond groundwater mounds are interpreted to coalesce. It was not
until 1980 that the two mounds were contoured as separate mounds. The Gable Mountain Pond
groundwater mound quickly disappeared following closure of the facility in 1987, and it is not
discernable in the June 1990 map.

The effects of water disposal on the water table in the vicinity of the areas of concern for this report
are illustrated in Figure 5-10. Hydrographs for wells in the vicinity of each disposal site are
illustrated, as well as near B Pond. Increased production at the fuel separation operations in the late
1950's resulted in dramatic increases in liquid effluent disposal to the two ponds and resultant
elevated water tables.

Effluent disposed to ponds in the vicinity of the 200 East Area created groundwater mounds, which
altered the predominantly west-to-east direction of flow that existed before Hanford Site operations.
The primary effect of this mounding has been to establish a hydrologic dam on the eastern boundary
of the 200 East Area, forcing flow to divert either to the north/northwest through Gable Gap or to the
southeast. The increased effluent discharges in this area resulted in a groundwater divide that controls
flow diversion. The divide axis is oriented approximately east-west, and its location has migrated
along a northwest-to-southeast axis beneath the 200 East Area in response to varying amounts and
locations of effluent discharge. Effluent and contaminants that migrated to, or flowed with,
groundwater to the south of the divide were driven to the southeast. Those that entered groundwater
to the north of the divide were transported to the north/northwest and eventually through Gable Gap.

Chemical contaminant information discussed in Section 5.2.2 provides the best evidence of when the
hydrologic divide developed beneath the 200 East Area. Gross beta contamination from the B-5
Reverse Well and the BY-Cribs is represented as having been transported to the southeast in
contaminant plumes from the mid- to late 1950's. The first good evidence of northward movement of
gross beta contamination is represented in the October-December 1959 contaminant map. From that
time to the present, hydrologic conditions have existed that have resulted in a continued
north/northwesterly movement of groundwater beneath these disposal facilities. Contamination
evidence that supports this evaluation is presented in more detail in Section 5.2.2. However, the
evidence for contaminant movement for Gable Mountain Pond is not as well defined. Flow during
operation was directed radially out from beneath the facility because of the development of a
groundwater mound. The basalt subcrop feature at the water table restricted flow to the south, and it
appears that B Pond mounding limited flow to the east. The majority of flow beneath the facility is
believed to have been directed to the northwest towards Gable Gap. Once discharges to the facility
ceased in late 1987, the influence of B Pond strongly dominated flow.

The recent (1993) flow regime is represented in Figure 5-11. Streamlines from the BY-Cribs
Area (A), B-5 Reverse Well (B), and Gable Mountain Pond (C) all indicate that flow from beneath all
three facilities is currently moving to the north/northwest through Gable Gap. As the B Pond mound
dissipates in the future and the hydrologic divide disappears, flow may return to a more southerly
direction.
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5.2.2 Groundwater Contamination Concentrations and Plume Migration

Groundwater monitoring activities have been conducted since the earliest days of Hanford Site

operations and were first reported in 1945 (Parker and Gamertsfelder 1945). A general summary of

past monitoring activities, focusing on 200 Area operations, is reported in Ground-Water Contribution

to Dose from Past Hanford Operations (Freshley and Thorne 1992). Over the years, sample

analytical techniques, as well as analytes of interest, have been modified. Gross beta has been

measured from the beginning of monitoring activities to provide indications of liquid effluent

migration to groundwater from disposal facilities. The methodology for routine gross beta analysis

was refined to improve the detection limit from 300 pCi/L in 1945, to 150 pCi/L during the 1950's,

to 80 pCi/L in 1959, to 16 pCi/L in the mid-1980's, and to 4 pCi/L in 1991 (Freshley and Thorne

1992). In 1959, Bierschenk (1959a), reported that any groundwater sample that exceeded

100,000 pCi/L for gross beta was analyzed for 'Co, "'Cs, and 'Sr. By 1962, many samples were

analyzed for uranium, 'Co, "'Cs, 106Ru, 'Sr, and tritium (Brown and Raymond 1962). A primary

contaminant of concern for this treatability test report, 99Tc, was not listed for analysis.

Technetium-99 analyses were not routinely performed until the mid-1980's, when it was recognized

that the gross beta results did not balance well with the summation of the individual gross beta

emitters. This may have been made more obvious as the activity contribution from 106Ru declined

because of natural decay. The unknown contributor to the gross beta activities was suspected to be

either 129I or 9Tc, and both were included for routine monitoring from that time to the present.

Groundwater monitoring reports as early as 1945 noted detections of contamination in individual wells

around the site. The first discussion of widespread contaminant movement in groundwater appeared

in a 1956 report (Parker 1956). It was also in 1956 that the first detection of groundwater

contamination outside of the 200 East and 200 West Areas was reported and the distribution of gross

beta contamination was mapped (Earth Science Personnel 1956). A summary containing the 1956

map and subsequent gross beta distributions maps is presented in Figure 5-12. This figure serves as a

time reference for individual discussions particular to the three areas of groundwater contamination of

interest in this report. The concentration value of the contour used to define the extent of the gross

beta contamination was not identified in maps until the October-December 1957 map was produced

(Bierschenk 1959b). It is presumed to have been equal to 150 pCi/L. The shape of the area of

contamination has varied through time because of changing detection limits, interpretations of

water-table distribution, increased well control, and decay of radioisotopes (primarily 1D6Ru).

However, a locus of contamination has always been associated with the B-5 Reverse Well and

subsequently the BY-Cribs contamination, which remains as an area of elevated concentrations.

5.2.2.1 216-B-5 Reverse Well Groundwater Contamination. As mentioned in Section 5.1, during

a 2-year period from 1945 to 1947, approximately 3.03 x 10' L (8. x 106 gal) of intermediate-level

liquid wastes from BiPO4 process operations at B Plant was discharged to the 241-B-361 Settling

Tank. The overflow was disposed of to the B-5 Reverse Well. The settling tank was designed to
remove waste solids before water disposal to the reverse well. At the time of deactivation of the
system, approximately 121,000 L (32,000 gal) of sludge remained in the 132,000-L (35,000-gal)
tank. The well penetrated approximately 3.7 m(12 ft) below the water table, and waste was

introduced into the aquifer at this level. Descriptions of waste disposal activities and subsequent
characterization work are contained in Brown and Ruppert (1950), Smith (1980), and Hodges (1995).

Operational estimates of radioactive waste inventories indicate that approximately 4.27 kg of
plutonium, 81 Ci of "'Cs, 163 Ci of "Ru, 76 Ci of 'Sr, and 3,800 Ci of miscellaneous beta activity
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were sent to the settling tank. The quantity of uranium was not estimated. Characterization of the

sludge remaining in the settling tank in 1979 (Smith 1980) indicates that the reported operational

numbers underestimated the inventory discharged to the settling tank, in some cases by many orders

of magnitude (e.g., 30 times the reported inventory of 'Sr was estimated to exist in the settling tank

alone).

The B-5 Reverse Well was removed from service on September 19, 1947, when a water sample from

well 299-E33-18, located 655 m(2,149 ft) north of the reverse well, indicated the presence of alpha
contamination in groundwater (Brown and Ruppert 1950). Subsequent water samples from the well

indicated that the initial sample was in error and no groundwater contamination from B-5 Reverse
Well disposal operations occurred that far to the north. The B-5 Reverse Well was never returned to
service, and by the time subsequent sampling and analyses had been conducted on well 299-E33-18,
the waste stream had been rerouted to the 216-7A and 216-78 Cribs, and a study of the extent of
groundwater contamination had been initiated. Eleven wells were drilled from November 1947 to
May 1948 to attempt to characterize groundwater contamination in the vicinity of the reverse well.
The wells were drilled 9 m(29.5 ft) below the water table. No radioactive contaminants were
detected in any of the sediment samples, but beta-gamma (fission product) and alpha activity were
detected in the groundwater. Brown and Ruppert's (1950) radionuclide distribution estimates for the
time period November 1947 to July 1949 are illustrated in Figure 5-13. The rapid decrease in the
area of fission product contamination was attributed to decay of short-lived radionuclides and
dispersion and dilution of the plume. The November 1947 and July 1948 depictions of the plume
appear to indicate a southeasterly movement. The same apparent southeast orientation is present in
the November 1947 depiction of alpha contamination.

Three groundwater wells (i.e., 299-E28-23, 299-E28-24, and 299-E28-25) were drilled in 1979 to
1980 to characterize radionuclide distributions around the reverse well. The locations of these wells
relative to the reverse well are shown in Figure 5-14. Estimates of the present distribution of two
fission products ("$Cs and 'Sr) and one alpha emitter (plutonium), which remain as groundwater
contaminants in the vicinity of the reverse well, are presented in Figures 5-15 through 5-17.
Determination of the groundwater distribution of radionuclides around the reverse well is hampered
both by the lack of wells away from the immediate vicinity of the reverse well and by the practice of
analyzing only unfiltered samples for radionuclides. As shown in the time history plots in
Figures 5-15 through 5-17, analytical results for radionuclides in wells adjacent to the reverse well are
highly variable, and discerning dissolved from particulate fraction is not possible. Contaminants
appear to be localized, yet 'Sr appears to have been transported to the northwest to well 299-E28-2,
indicating that the present-day direction of groundwater movement has shifted nearly 180 degrees
from the transport direction proposed by Brown and Ruppert (1950). Discussion of a conceptual
model of groundwater contamination from the B-5 Reverse Well is presented in Section 5.3.

5.2.2.2 216-BY Cribs Groundwater Contamination. Waste disposal to the eight BY-Cribs was
conducted during two time periods. A summary of waste disposal activities at the cribs and
subsequent groundwater monitoring beneath the cribs is contained in DOE-RL (1993a, 1993c, 1993e)
and Kasza (1993). During 1954 and 1955, approximately 3.38 x 10' L (8.94 x 10°) gal of waste
solutions from the TBP process was discharged to the soil column at seven of the eight cribs.
A primary concern at the time was to mediate disposal to the cribs so as not to exceed the sorptive
capacity of the soil beneath the cribs, thereby preventing the release of13'Cs and 'Sr to the
groundwater (Rhodes et al. 1954, Stedwell 1954). Disposal to the cribs was terminated in
December 1955 when beta activity, specifically "Cs, was detected in the groundwater under the
cribs. In early 1956, revised laboratory methodology allowed for the detection of 'Co in the
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groundwater, a previously unknown contaminant in the TBP waste stream. Cobalt-60 was present in

the groundwater in concentrations that were many hundreds of times higher than then-current

standards allowed. Between 1965 and 1974, 6.06 x 10' L (1.6 x 10' gal) of tank liquor condensate

from the ITS B-5 Reverse Well was discharged to the remaining BY-Crib. An additional 8.33 x

10' L (2.2 x 10' gal) of tank liquor condensate from ITS BY-Cribs was discharged to the nearby

216-B-57 Crib between 1968 and 1973. Estimated quantities of the primary contaminants in the

liquid effluent streams disposed of to the cribs include 0.45 Ci of 'Co, 18,900 kg (41,667 Ib) of

ferrocyanide, 5.68 x 10° kg (1.25 x 10' lb) of nitrate, and an unknown quantity of 9BTc.

Groundwater contamination emanating from beneath the crib sites is discussed in Parker (1956) as a

primary source for the southeast-trending gross beta contaminant plume illustrated in the 1956 map in

Figure 5-12. The contour level is not specified in the 1956 map, but is presumed to be 150 pCi/L.

A chart containing the gross beta time history at well 299-E33-4, which monitors the upper

approximate 3.1 m(10 ft) of the aquifer, is presented in Figure 5-18. In April 1956, a gross beta

result of 9.8 x 108 pCi/L is reported for the well. With decay of the shorter-lived fission products,

the gross beta concentrations in the well dropped 1,000-fold by September 1959 (see Figure 5-12).

The growing influence of groundwater mounds beneath the B Pond and Gable Mountain Pond on the

hydrologic flow regime during the late 1950's can be discerned from the contaminant distributions
illustrated in Figure 5-12. By late 1956 and early 1957, the gross beta contaminant plume beneath the

200 East Area had been displaced to the west because of the increased disposal to B Pond. The

startup of disposal to Gable Mountain Pond to the northeast may have created a slight damming effect

to the north, but its effect on contaminant movement from the BY-Cribs may have been moderated by

an intervening basalt high, which extends above the water table. By 1959, elevated gross beta
contamination was present in well 699-50-53A (Figure 5-19 and the October-December 1959 map in
Figure 5-12) indicating northward movement of the plume. Well 699-50-53A has remained a center

of contamination for BY-Crib-sourced contamination to the present.

The present-day distribution of cyanide and two beta emitters ('Co and 99Tc) is presented in
Figures 5-20 through 5-22. A similar distribution for all three contaminants can be recognized from
review of the three figures. The highest contaminant concentrations are centered on
wells 699-50-53A and 699-52-54. Of the two wells, 699-52-54 is showing increasing concentration
trends indicating that contaminant movement is continuing to the north-northwest. Concentrations in
well 699-50-53A had been trending downward the last few years and have shown slight increases in
the last year (before pump-and-treat operations). Another interesting trend can be seen in
well 699-49-57A, where concentrations for all three contaminants are elevated and possibly increasing
for cyanide and 9DTc. This would indicate a continued westward movement of the plume in addition
to the north-northwest trend. A discussion of the conceptual model of contaminant distribution
sources from the BY-Cribs is presented in Section 5.4.

5.2.2.3 Gable Mountain Pond Groundwater Contamination. Between the years 1957 and 1987,
an estimated 3.07 x 10" L (8.1 x 1010 gal) of liquid mixed waste primarily from the 202-A Building
was disposed of to the 216-A-25 Pond (Gable Mountain Pond). The pond received low-level
radioactive liquid wastes, primarily tritium (213 Ci), 241Am (5.3 x 104 Ci), I"Cs (204 Ci),
106Ru (1.6 x 10° Ci), 'Sr (257 Ci), and plutonium (428 g). As mentioned in Section 5.1, on
June 1, 1964, a single unplanned release from a cooling coil in the PUREX Plant contributed about
100,000 Ci of mixed fission products to Gable Mountain Pond, B Pond, and the 216-B-3-1 Ditch.
Following the incident, bentonite clay was added to the pond in an effort to bind radionuclides in the
upper sediment layers and reduce the percolation rates (Maxfield 1979). In addition, new inlet
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ditches were constructed, and the water level in the pond was maintained until the contamination level
in pond water decreased (Strait and Moore 1982).

Elevated gross beta was quickly detected in groundwater wells following the June 1964 unplanned
release (e.g., gross beta results in well 699-55-50A illustrated in Figure 5-23). The area of gross beta
contamination beneath the pond was reported and mapped in 1964 (map for January-December 1964

in Figure 5-12). By the mid-1970's, a gross beta plume was no longer being mapped beneath the
pond (see January-December 1974 map in Figure 5-12). Concentrations in well 699-55-50A are
shown to have declined to less than 100 pCi/L, which was the minimum contour interval on the
contaminant distribution map. By 1985, however, a beta plume reappeared in the vicinity of the
pond. Strontium-90 concentrations began to increase in the mid-1980's as illustrated in the
time-history plots in Figure 5-24 for wells that monitor contamination in the vicinity of the Gable
Mountain Pond site. Contaminant trends in most of these wells have continued to increase to the
present day.

5.3 CONTAMINANT CONCEPTUAL MODELS

This section presents conceptual models for the B-5 Reverse Well, BY-Cribs, and Gable Mountain
Pond contaminant plumes. Relevant details concerning the source chemistry, solubility, and response
to aquifer conditions as well as mobility are discussed. The contaminant response during the
treatability test is compared to the conceptual model. Where multiple conceptual models have been
proposed, tests are discussed to relate the conceptual model to actual aquifer conditions.

5.3.1 216-B-5 Reverse Well

Waste from the B Plant operation, which used the BiPO4 separation process, was disposed of in the
B-5 Reverse Well between 1945 and 1947 (see Figure 5-13). Disposal of the waste, which contained
significant quantities of plutonium, 137Cs, '06Ru, and 'Sr, was halted in 1947 because of groundwater
contamination. Subsequent work indicated that the B-5 Reverse Well penetrated approximately 3 m
(10 ft) into the aquifer and that significant quantities of radionuclides are present beneath the water
table. Descriptions of waste disposal activities and subsequent characterization work are contained in
Brown and Ruppert (1950) and Smith (1980). Hodges (1995) provided the basis for the current
conceptual model.

5.3.1.1 216-B-5 Plume Groundwater Contamination. As discussed previously in Sections 5.1 and
5.2, groundwater contamination occurred at the B-5 Reverse Well between 1945 and 1947, when
approximately 3.07 x 10' L(8.1 x 101 gal) of high-activity effluent from the B Plant complex was
sent to the reverse well for disposal. The effluent was routed to tank 241-B-361 for precipitation of
the entrained solids, and overflow from tank 241-B-361 was disposed of in the B-5 Reverse Well.
The settling tank had a volume of approximately 132,000 L (35,000 gal); thus, the total effluent
volume represents approximately 230 tank volumes. Most of the water and an unknown portion of
waste solids went to the reverse well. Approximately 121,000 L (32,000 gal) of sludge remained in
the settling tank after waste disposal operations were terminated.

Estimates from operational records indicate that approximately 4.27 kg of plutonium, 81 Ci of I"Cs,
163 Ci of '06Ru, 76 Ci of 'Sr, and 3,800 Ci of miscellaneous beta activity were sent to the 241-B-361
Settling Tank. Analysis of sludge in tank 241-B-361 in 1979 indicates that approximately one-half of
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the 4.27 kg of plutonium discharged passed through the tank and entered B-5 Reverse Well.

However, "'Cs and 90Sr concentrations reported for the sludge indicate that the settling tank contains

considerably more 137Cs (2 times) and 'Sr ( 30 times) than was reportedly discharged to the system

(decay corrected to 1979). This discrepancy indicates considerable uncertainty in the reported

discharge numbers and may account for the difference between the expected contaminant response and

the observed concentrations measured during the test operation ( see Section 4.3.3).

Under the conditions reported for the effluent stream, plutonium would have far exceeded its

solubility and would have been transported as a solid phase, either as oxide, hydroxide, or phosphate.

The following evidence indicates that a large portion of the plutonium and 'Sr disposed in the

B-5 Reverse Well was in the form of BiPO4 solids.

• Phosphate phases have a well-known affinity for actinides. In the BiPO4 separation process,

the precipitation of BiPO4 from solution was used to remove plutonium from solution.
Phosphates also have a strong affinity for strontium and other alkaline earth elements.

• Analysis of the sludge remaining in the settling tank indicates a strong partitioning of
plutonium and 'Sr into the solid phase, which is principally BiPO4. Cesium-137 does not
share in this strong partitioning into the solids.

• A silt layer, approximately 11.9 m(39 ft) above the 1948 water table but within the
perforated interval, contains significant quantities of 137Cs; however, plutonium and 'Sr were
not detected. This can be explained if effluent carrying dissolved "'Cs were wicked into the
silt by capillary attraction and particles carrying plutonium and 'Sr were excluded (filtered)
because of their size.

• Characterization of sediments from wells drilled in 1979 indicates that plutonium and 'Sr
within the sediments are highly localized, contained within a zone less than 20 in across.
Cesium-137 was found to have a very different distribution; significant concentrations within
the sediments extend past the boundaries of the study area, approximately 22 in from the
reverse well. Plutonium, because of its low solubility and very high sorption Kd, would be
expected to be localized around the injection site. In the case of "'Cs and 'Sr, if sorption
on sediments is the major factor controlling distribution, "'Cs and 90Sr should behave in a
similar manner. In addition, the sorption Kd for 'Sr on Hanford Site sediments is
approximately half that for °'Cs. Thus, the 'Sr should have moved further than the "'Cs,
the opposite of what was observed.

These differences and similarities support phosphate as the major control on the distribution of
plutonium and 'Sr within the aquifer. This mechanism would be reinforced by the fact that any
dissolved phosphate in the waste stream, or any phosphate resulting from the dissolution of BiPO„
would quickly react with calcium ions in groundwater to form the very insoluble mineral phase apatite

[Ca5(P04)30H, KSP = 10" (Krauskopf 1979)], which has a strong affinity for strontium and
actinides.

Determination of the groundwater distribution of radionuclides around the B-5 Reverse Well is
difficult because of the lack of wells away from the immediate vicinity of the reverse well and the
practice of analyzing only unfiltered samples for radionuclides. Analytical results for radionuclides in
wells adjacent to the reverse well are highly variable, and it is impossible to determine, on the basis
of existing data, how much of the measured activity is in solution and how much is contained within
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or on solid particles. Analytical data for the present concentrations of plutonium, "'Cs, and 'Sr in
groundwater around the B-5 Reverse Well are indicated in Figures 5-15 through 5-17. The zone
bounded by the 1-pCi/L plutonium contour is approximately 180 m(591 ft) across; the zone defined

by the 90Sr 8-pCi/L contour is approximately 300 m(984 ft) across; and the zone bounded by the

"'Cs 120-pCi/L contour is approximately 200 m (656 ft) across.

5.3.1.2 Source Characteristics. The waste discharged to the 241-B-361 Settling Tank, and thus to
the B-5 Reverse Well, was a low-salt, alkaline waste containing approximately 1.4 x 10" g/L of
plutonium, 2.6 x 106 Ci/L of "'Cs, 5.3 x 106 Ci/L of106Ru, 2.5 x 106 Ci/L of 'Sr, and 1.2 x 10`
Ci/L of gross beta activity. Analyses of the sludge in tank 241-B-361 indicate that the major
nonradioactive constituent was BiPO4 with lesser quantities of manganese, iron, lanthium, sodium,
nitrate, and fluoride, consistent with waste from the BiPO4 separations process.

The indicated concentration of plutonium far exceeds the solubility of plutonium under these
conditions, and it is likely that plutonium was transported in a solid form. The BiPO4 that forms a
large portion of the sludge in the settling tank would have also had very low solubility under the
alkaline conditions of the effluent and would have consisted principally of solid particles. BiPO4 was
precipitated, during the BiPO4 process, to scavenge plutonium from solution. It is reasonable to
assume that a portion of the plutonium, and probably of the strontium as well, was transported as part
of the BiPO4 solids.

5.3.1.3 Solubility and Sorption Controls. The transport and behavior of plutonium and associated
fission products ("'Cs and 'Sr) are highly dependent on both solubility and sorption/desorption
controls. Accordingly, data relevant to both control mechanisms are discussed as follows.

5.3.1.3.1 Cesium. Cesium, like other alkali metals, has high solubility in aqueous
systems, and the principal controlling mechanism will be sorption and not solubility. A wide range of
sorption K. have been reported in the literature; however, the most reasonable value for Hanford Site
sediments seems to be approximately 50 mL/g (Ames and Serne 1991). Using this value for K„ and
assuming a bulk density of 2.1 g/cm' and a porosity of 0.22, yields a retardation factor of 525.
Thus, if the groundwater flow rate during the time (48 years) since the waste was disposed in the B-5
Reverse Well had been 1 m/day (3.3 ft/day), groundwater would have moved 18 km (11 mi);
however, during this time, the cesium would have moved approximately 34 m(110 ft). The initial
rate of movement may have been higher, however, because high concentrations of cesium adjacent to
the reverse well may have saturated sorption sites.

5.3.1.3.2 Plutonium. Based on effluent discharge records, the average concentration of
plutonium in alkaline aqueous waste discharged to the reverse well was approximately 6 x 1Q' M,
which is well above the solubility of plutonium in the (IV) or (VI) oxidation states in alkaline
solutions. For example, Serne and Wood (1990) reported a laboratory solubility for plutonium oxides
of 1.8 x 10' M, which is equivalent to 3.26 x 10' Ci/L of 239Pu. Barney (1988) indicates a solubility
limit of 3.5 x 109 M (pH of 8+) for Pu(VI). Thus, much of the plutonium present in the waste
stream would be present in a solid phase, possibly hydrous oxide or hydroxide phases, but probably
in this case principally in the particulate BiPO4 phase. Barney (1988) also conducted laboratory
sorption tests using Hanford Site (200 East) sediments at plutonium concentrations below 3.5 x 109 M
and found that sorption Kd values for plutonium initially added as Pu(VI) averaged 4,600 ±
1,000 mL/g after an 18-day contact time [the apparent Ka increased with time during the first few
days, which was attributed to reduction of Pu(VI) to Pu(IV) by the sediments in the batch sorption
tests]. The sediments used for the laboratory sorption determination may not be representative of the
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aquifer sediments surrounding the B-5 Reverse Well. Kds presented here are best estimates based on

existing data.

Solubility considerations, as discussed previously, suggest that most of the plutonium initially injected

into the aquifer was present as a particulate and/or colloidal phase. The solubility of plutonium

included in BiPO4 or apatite phases is uncertain; however, if the solid phase is an oxide or hydroxide,

pore fluid in the immediate vicinity of the solid phase would theoretically reach a solubility controlled

maximum concentration of 326,000 to 63,400 pCi/L, depending on the solubility limit used (see

above). However, because of the affinity of sediments for the solute phase, the pore fluid

concentrations would theoretically be reduced in proportion to the apparent Kd. Assuming the Ka

value noted above is applicable to B-5 Reverse Well chemical conditions, the predicted final pore

fluid concentration would be reduced by a factor of 4,600, or a pore fluid concentration of

326,000/4,600 = 71 pCi/L to 63,400/4,600 = 14 pCi/L.

5.3.1.3.3 Strontium. Strontium is more likely to have solubility controls than cesium,

because it has a lower solubility than calcium carbonate (calcite) and is very insoluble in the presence

of phosphate. On Hanford Site soils, it has a Kd of approximately 25 mL/g, approximately one-half

the value for cesium (Ames and Serne 1991). If sorption on sediments is the primary control, the 'Sr

should have migrated approximately twice as far as 137Cs during the same time period. During the

33 years between disposal and the 1979 characterization study, the 'Sr would be expected to have

migrated approximately 46 m (150 ft); however, drilling indicated that 'Sr was restricted to

approximately 10 m (33 ft) of the reverse well, indicating that sorption on sediments is not the major

control on90Sr mobility. As indicated previously, the major control on strontium mobility is probably

one or more phosphate phases. The nature of these phases and the solubility of'x'Sr contained in

them is unknown.

5.3.1.4 Predicted Response to Pump-and-Treat Operations. If plutonium and strontium within

the sediments are principally contained within phosphate phases, the ability to remove them by

pump-and-treat technology is uncertain. If the main phosphate phase is BiPO„ any pumping that

resulted in increased solubilization of the phosphate would also introduce groundwater calcium that

would favor the precipitation of the mineral apatite. In the absence of data on possible phosphate

phases in the aquifer, the following discussion assumes that the plutonium is sorbed on sediments

and/or exists as solid oxide or hydroxide phases. It also assumes, given uncertainty in the discharge

numbers, that the total reported inventory of plutonium was discharged into the reverse well.

Assuming that the volume within which most of the plutonium is contained is a cylinder with a radius

of 10 m (33 ft), depth of 41 m (133 ft), and a porosity of 0.26 [tracer test porosities are 0.22 and

0.30 (Section 4.4.4)], the volume (V) of plutonium-contaminated groundwater within the sediments is:

V=3.14x10' x10x0.62=816m3 or8.16x105L(2.16x105gal).

At the highest pore fluid concentration noted, the quantity of plutonium removable in one pore

volume from the assumed volume of contaminated aquifer solids would be:

quantity = 8.16 x 105 L x 3.26 x 105 pCi/L = 2.66 x 10" pCi/L or 0.26 Ci.

The total injected was:

Ci = 4,270 g x 0.0613 Ci/g = 262 Ci (as 239Pu).
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Thus, under the most favorable conditions, the amount removed would be:

0.26/262 x 100 = 0.10% per pore volume removed.

Assuming simple plug flow (no dilution of plume during withdrawal), 1,000 pore volumes (8 x 10' L)
would be required to hypothetically remove the injected quantity, assuming also that the aquifer would

be allowed to reequilibrate after each pore volume. With continuous pumping, extraction of a much
larger volume would be required. In addition, if the plutonium is contained within a solid phosphate
phase, the above number may be a lower estimate for the quantity of water required for a simple
pump-and-treat operation. This can be compared to the 2.3 pore volumes (1.88 x 10° L) that would
be required to remove 90% of the plutonium if it were not sorbed on or contained within solid
phases.

Because of the similar behavior of 'Sr and plutonium around the reverse well and the likelihood that
both are contained within a solid phosphate phase, it is likely that similar techniques and similar
volumes of groundwater would be required to remove a significant quantity of 'Sr from the aquifer.
Because the distribution of "'Cs seems to be controlled by sorption on sediments, it is likely that any
pump-and-treat process that remediated plutonium and 'Sr around the reverse well would also remove
most of the "'Cs trapped on the sediments near the well.

5.3.2 216-BY Cribs Plume

Waste solutions from the TBP process were disposed of during 1954 and 1955 to a group of cribs in
the northern portion of the 200 East Area commonly known as the BY-Cribs (216-B-43 through
216-B-49) (see Figure 5-3). Between 1965 and 1974, additional liquid waste in the form of
condensate effluent from the ITS process was disposed of in the remaining unused BY-Crib
(216-B-50) and the adjacent 216-B-57 Crib. As early as 1956, beta-gamma and fiOCo contamination
were recognized in the groundwater beneath these cribs and farther south in the 200 East Area.
Currently, "Co and °BTc contamination is recognized in the groundwater underneath the cribs and
north of the 200 East Area. Descriptions of the waste disposal operations and recent characterization
activities are described in DOE-RL (1993a, 1993c, 1993d) and Kasza (1993).

5.3.2.1 216-BY Cribs Plume Groundwater Contamination. As reported in earlier sections,
scavenged TBP supernatant waste was generated during the ferrocyanide scavenging of TBP process
effluent and was routed to the 241-BY Tank Farm to allow settling of suspended solids before
releasing the liquids to the cribs. About 33,841,000 L (8,940,000 gal) of this liquid effluent passed
through a three-tank cascade system and was discharged to seven of the eight BY-Cribs. Disposal of
TBP process wastes to the BY-Cribs was terminated after beta activity was detected in the
groundwater beneath the cribs. Between 1965 and 1974, 61,000,000 L (16,000,000 gal) of tank
liquor condensate from the ITS B-5 Reverse Well was discharged to the 216-B-50 Crib. The nearby
216-B-57 Crib received 83,000,000 L (22,000,000 gal) of tank condensate from the ITS BY-Cribs
during the period between 1968 and 1973. Estimated quantities of the primary contaminants in all
liquid effluent streams disposed of to the BY-Cribs included 0.45 Ci "'Co, 18,900 kg ferrocyanide,
5,691,500 kg nitrate, and an unknown amount of 99Tc (DOE-RL 1993d).

Groundwater monitoring activities have identified a large groundwater contamination plume located at
the northern fenceline and north of the 200 East Area toward Gable Gap (DOE-RL 1993a, 1993c,
1993d). Hanford Site records indicate that the BY-Cribs are the most probable source of groundwater
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contamination at or near this location. Discharges from the 200 North Area (Section 5.1.1.4) were

examined as a potential contaminant source; however, the position of the plume and the presence of

specific process effluents ('Co and cyanide) suggest that the plume migrated to its current location

and is the result of disposal practices at the BY-Cribs. A northerly local groundwater flow direction

is reflected in the areal distribution of the plume.

5.3.2.2 Solubility and Sorption Controls. Data presented in the 200 East Groundwater Aggregate

Area Management Study Report (DOE-RL 1993a) suggest there is little tendency for the primary

contaminants 'Co and 'Tc to adsorb to the fine-grained soils beneath the Hanford Site. Cobalt-60

normally exists as a divalent cation in acidic to mildly alkaline solution and is prone to adsorbing onto

soil via cation exchange. However, greater mobility is possible as 'Co can form anion or neutral

complexes. In particular, the complexing of "Co by cyanide has been proposed as a means of
explaining the observed high mobility of 'Co in the BY-Cribs plume (DOE-RL 1993d).

Technetium-99 typically forms negative ions in oxidizing environments and does not readily complex

with other chemical species. Technetium-99 also has a very low soil-water (Ka=O). Consequently,

there is limited tendency for "Tc to adsorb to the Hanford Site sediments, which makes the

radionuclide mobile.

5.3.2.3 Local Geohydrology. The geohydrology of the area containing the BY-Cribs plume is

controlled to a major extent by the underlying Elephant Mountain basalt. Basalt structural highs

generally restrict groundwater flow to the more conductive sedimentary deposits located between the

basalt highs. Erosional features incised into the basalt may provide localized preferential flow paths.

The erosional window, as identified in wells 699-55-55 and 699-55-53, may be acting as pathway for
vertical migration between the uppermost unconfined aquifer and the underlying interbed. Borehole
television survey logs of the basalt portion of several wells within the plume reveal that the basalt
contains numerous subvertical to horizontal fractures, which could act as conduits for groundwater
flow. The conductivity of these fractures is unknown.

The BY-Cribs 99Tc plume is defined by five groundwater monitoring wells. It is important to note
that these five wells penetrate the full thickness of the aquifer and also enter into the underlying
basalt. Wells 699-50-53A and 699-52-54 have thin[<0.6-m-thick (<2-ft-thick)] saturated
unconfined aquifer interval. Both wells are located near the westerly margin of a subsurface
structural basalt high that extends above the current groundwater table. Wells 699-49-55A,
699-49-57A, and 699-55-57 are located west of the basalt high and are situated in a thicker portion of
the unconfined aquifer. Based on the most recent groundwater level measurements, the saturated
thickness is approximately 3.1 m (10 ft) at well 699-49-55A and about 2.7 m (9 ft) at
well 699-49-57A.

Aquifer data in the vicinity of the BY-Cribs plume are limited by the age of the wells and the distance
between them. Based on data provided in the 200 East Groundwater Aggregate Area Management
Study Report (DOE-RL 1993a), the hydraulic conductivity and transmissivity of the aquifer are
relatively high. Section 4.4 provides additional aquifer property information assembled during the
treatability test aquifer investigations.

5.3.2.4 Contaminant Source Models. Much of the success of a groundwater remediation program
depends on the ability to define the contaminant source model. is imperative to determine if all of
the available contaminant has already entered the aquifer, or if a continuing source of contamination
exists that contributes to the future growth of the contaminant plume. If a continuing source exists,
its location should be determined so that remedial activities can be directed at the areas of highest
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concentration. Two models currently exist that try to define the source of the BY-Cribs contaminant

plumes. For these models to be acceptable, the following observed conditions must be explained.

• Cyanide and 99Tc are still present in detectable, elevated concentrations in wells associated

with the BY-Cribs (e.g., wells 299-E33-7 and 299-E33-13). It does not seem likely that the

BY-Cribs continue to be an active source 20 years after receiving the final waste effluent.

Site characterization activities conducted for the 200-BP-1 remedial investigation determined

no large, active source of groundwater contamination currently exists in the soils beneath the

BY-Cribs (DOE-RL 1993d).

• High contaminant concentrations in the groundwater north of the BY-Cribs, and especially

associated with wells 699-50-53A and 699-52-54, have been known for many years.

Technetium-99 concentrations at well 699-50-53A increased ten-fold over background values

during the operation of the pilot-scale treatment plant.

One proposed explanation for the observed trends in contamination north of the BY-Cribs is that the

lowered water tables in the area during the mid-1970's to mid-1980's left contaminants in the lower

vadose zone as sorbed material on mineral surfaces and in interstitial water ( see Figure 5-9 for well

hydrographs in the vicinity of the BY-Cribs). Subsequent increases in the elevation of the water table

beginning in the mid-1980's resaturated this contarhinated zone and led to the remobilizing of

contaminants and increased observed concentrations. The proposed correlation can be seen by

comparing the fluctuations in water level for well 699-50-53A in Figure 5-9 with the 'Co trend for

the same well as illustrated in Figure 5-20.

An alternative model proposed by Kasza (1993) is based on the known high density of the process

wastes disposed of to the BY-Cribs and on the results of depth-specific groundwater sampling

conducted in the 1960's. Process records and laboratory simulation experiments indicate that the

scavenged TBP supernatant disposed of to the BY-Cribs had a high specific gravity (1.21 to 1.32).

Field studies conducted between 1956 and 1980 recognized that the scavenged TBP supernatant
formed mobile contaminant mass, which had a density greater than water, that migrated southward

along the bottom of the unconfined aquifer. Depth-specific groundwater sampling and borehole
geophysical logging shows that the dense contaminant mass migrated several thousand feet to the

south.

Kasza (1993) proposes that after saturation of the open pore space beneath the BY-Cribs, the dense
waste was able to enter the aquifer with little attendant mixing with the groundwater. Beneath the
BY-Cribs, the aquifer was approximately 3 m(10 ft) thick during the period of waste disposal, and
the initial dilution of the dense scavenged TBP supernatant was likely minimal. Once at the bottom of
the aquifer, the dense waste appears to have behaved as a separate dense phase and moved as a
coherent mass primarily because of its density difference with the groundwater. The waste moved
along the surface of the basalt, displacing groundwater from fractures and depressions, while it
migrated down the topographic surface and away from the BY-Cribs. Movement was likely
accompanied by mixing and diffusing into the surrounding groundwater. The principal contaminant
migration direction away from the cribs was toward the south, down the southward-dipping top of the
basalt unit underlying the aquifer. Smith (1980) and others record increased contaminant
concentrations in the sediments immediately above the basalt at wells several hundred feet south of the
BY-Cribs. Because detailed configuration of the basalt surface is not known, it is not possible to
establish the migration path of the dense contaminant mass.
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During the intervening years, density-driven movement probably slowed or ceased because dilution

reduced the density differences between the groundwater and the waste. This decrease would be most

likely caused by the dense waste mixing with, and diffusing into, the surrounding groundwater. The

rising regional water table for some period of time established northward groundwater flow.

Dissolved contaminant movement eventually followed the regional groundwater flow to the north and

became the dominant contaminant transport mechanism.

Because minimal vertical advection and diffusion is likely to occur in a fracture-controlled aquifer

system, any portion of the contaminant mass that had entered the fracture system in the basalt through

density-driven displacement of the groundwater would likely remain stratified in the basalt and

relatively undiluted. In that position, it is undetected by the majority of the groundwater monitoring

wells, which sample only the upper portion of the aquifer. As shown in Figure 5-22, the wells that

comprise the 99Tc contaminant plume penetrate and collect groundwater samples from both the

saturated thickness of the aquifer sediments and the upper portion of the basalt. This access to the

fluids contained in the fractures of the basalt may be responsible for the increased contaminant levels

measured at those wells. The observed increase in 'Co and "Tc concentrations at the extraction well

(699-50-53A) during the operation of the pilot plant may have occurred because the large amount of

drawdown at the well caused more concentrated waste from the fractures to be drawn into the well's

capture zone.

Both of the models introduced here satisfy the previously stated conditions to various degrees. The

rising water-table model would not itself address contaminants found in wells associated with the
BY-Cribs if the local groundwater flow direction were still to the north. The dense contaminant

source located deep in the aquifer would not supply contaminants to the plume if groundwater beneath

the BY-Cribs flowed to the south. Either model may have been dominant at various times in the
history of the plume. A hybrid model combining aspects from both of the proposed models may be
an appropriate predictor of future plume behavior. More hydrogeologic and contaminant character
information is needed before the model can be validated.

5.3.3 216-A-25 Gable Mountain Pond Plume

The 216-A-25 Gable Mountain Pond received an estimated total waste volume of 307,000,000,000 L
(81,100,000,000 gal) of effluent between 1957 and 1987 (Coony and Thomas 1989). Figure 5-4
shows the effluent discharge history. The effluent was principally 202-A Building process cooling
water, 241-A-431 surface condenser cooling water, 242-A Evaporator cooling water, 244-AR Vault
cooling water, and 284-E Powerhouse water (Maxfield 1979, WHC 1991). The effluent contained
low levels of radionuclides, including =41Am, "'Cs, 'H, '"'Pm, 106Ru, %Sr, and plutonium, and
reached the 216-A-25 Gable Mountain Pond via the PUREX Cooling Water Line, which discharged
into the southeastern end of the pond (Brown et al. 1990, WHC 1991). A single, unplanned release
in 1964 resulted in the discharge of approximately 7,500 Ci of mixed fission products to the pond, of
which about 99% were short-lived (Maxfield 1979). The estimated radionuclide inventory in 1995
for the 216-A-25 Gable Mountain Pond, decayed from the data presented in Table 5-2, are 5.21 x 10'
Ci of Am241, 1.66 x 102 Ci of `Cs, 1.28 x 10' Ci of'H, 3.37 x 10' Ci of 106Ru, 2.06 x 102 Ci of
BOSr, 428 g of plutonium, and 4.24 Ci of uranium. The inventory at the pond is a consequence of the
30 years of routine effluent discharges combined with the unplanned release in 1964.

A plume of 90Sr-contaminated groundwater exists at the pond. The extent of the 216-A-25 Gable
Mountain Pond 'Sr plume is shown in Figure 5-25 by 8- and 100-pCi/L 90Sr contours generated from
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1994 data. The area enclosed by the 8-pCi/L contour is about 5.9 x 105 mz (6.35 x 10° ft2). The

area enclosed by the 100 pCi/L contour is about 4.5 x 10° m2 (4.83 x 105 ftZ).

Before decommissioning, the pond elevation was 131.9 m (432.6 ft) and had a maximum depth of

about 2.4 m ( 8 ft) (Hayward 1989). Decommissioning of the pond began in 1984 and was completed

in 1988 with the interim stabilization of the site ( see Section 5.1.2.4).

5.3.3.1 Gable Mountain Pond Source Characteristics. The unplanned release (UPR-200-E-34) on

June 11, 1964, released approximately 7,500 Ci of short- and long-lived fission products to the

216-A-25 Gable Mountain Pond. The following description of the release and responses is

summarized in Maxfield (1979). The short-lived fission products (e.g., those with half-lives

<2.5 years) constituted approximately 99%, or 7,445 Ci, of the release. In 1964, most of the

activity was attributed to 95Nb, 103Ru, 106Ru, and "Zr. Approximately 25 Ci of "'Cs and 30 Ci of

'Sr, the half-lives of which are 29.1 and 30.2 years, respectively, were released. Bentonite clay was

added to the 216-A-25 Gable Mountain Pond soon after the release to bind radionuclides in the upper

sediment layers and raise the water level in the pond by reducing the percolation rate. However, the

pond water level did not rise after application of bentonite. Concurrently, to reduce radiation

exposure and prevent the spread of contamination, bulldozers were used to push fill into the pond to

cover contaminated sediment at shoreline and in the shallows. As this earthmoving proceeded, it was

noted that the pond water level began rising. When the earthmoving was completed, fill had been

pushed into the pond along the entire perimeter to an average width of 6 m(20 ft). It was surmised

that percolation had been occurring principally at the pond margins before the placement of the fill.

In 1971 and 1972, PNNL personnel conducted a study of Gable Mountain Pond (Cushing and

Watson 1974). Cushing and Watson (1974) found that13'Cs accounted for 90% of the radioactivity at

the pond, and 90% of "'Cs occurred in the top 5 cm (2 in.) of pond sediment. In contrast to '7Cs,

the 90Sr concentration in the pond sediment was greater in deeper core sample intervals, although

specific sample intervals and dimensions of the cores were not published (Cushing and Watson 1974).

5.3.3.2 Hydrologic and Hydrochemical Concept. Strontium-90 is the primary contaminant of

concern at the 216-A-25 Gable Mountain Pond; groundwater monitoring since the 1980's has not

disclosed other plumes. The 'Sr is assumed to have been a dissolved constituent in the effluent and

to have been adsorbed onto the aquifer materials.

Wells 699-53-47A, 699-53-47B, 699-53-48A, 699-53-48B, 699-54-48, 699-54-49, 699-55-50, and

699-55-50D provide geologic and hydrologic characterization data for the unconfined aquifer near the

Gable Mountain Pond. These wells and others are shown in Figure 5-26. Five of the wells

(i.e., 699-53-47B, 699-53-48A, 699-53-48B, 699-54-48, and 699-54-49) were drilled as part of an
investigation of the pond in 1984 (Law et al. 1986).

The unconfined aquifer intercepted in the boreholes consists of silt; sands; sands and gravel; and
gravel, cobbles, and boulders of the Hanford formation. The aquifer thickness (i.e., from static water
level to top of the Elephant Mountain basalt) ranges from 2 m(7 ft) in well 699-53-47B to 17 in
(55 ft) in well 699-55-50C. The Elephant Mountain basalt subcrop is 6 to 9 m(20 to 30 ft) below
grade at the southeast end of the Gable Mountain Pond (well 699-53-47A) and 27 to 30 m(90 to
100 ft) below grade at the northwest end of the pond (well 699-54-50C). North and south of the
pond, the Elephant Mountain basalt forms extensive subcrops above the water table. Figure 5-20
shows the basalt subcrops that extend above the water table and the resulting northwest flow of
groundwater (i.e., toward Gable Gap).
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Tests conducted in 1956 revealed the following characteristics of the unconfined aquifer:

transmissivities ranged from 5.6 x 10'to 3.7 x 10" mz/day (6.0 x 105 to 4.0 x 105 ft'/day), equivalent

hydraulic conductivities ranged from 7.6 x 10' to 2.6 x 10' m/day (2.5 x 10' to 8.5 x 10' ft/day), and

storage coefficients were 0.21 and 0.21 at wells 699-55-50C and 699-55-50D, respectively (DOE-RL

1993a). The aquifer properties in the area tested by 699-55-50 series wells were summarized by Deju

(1974) as follows: transmissivity of 5.52 x 10° m2/day (5.94 x 105 ft2/day), hydraulic conductivity of

2.8 x 103 m/day (9.1 x 10' ft/day), and coefficient of storage 0.07.

The 90Sr Kd in seven sediment samples from wells 699-53-48A and 699-54-48 are reported by Law et

al. (1986). The Kds ranged from 21.9 to 95.1 mL/g. The Ka of 95.1 mL/g was from a sample of

silt; the other K, values were from coarser grained sediment. A Kd of 25 mL/g was selected as a

conservative, representative value for the Hanford formation. This Kd correlates to a retardation

factor of 120 (e.g., the rate of `Sr movement through the aquifer is 120 times less than the rate of

groundwater movement) (Law et al. 1986).

The 1984 hydrologic investigation at Gable Mountain Pond was initiated after an increasing trend of

90Sr in groundwater monitored by well 699-53-47A was noted in 1983 (Law and Allen 1984). The

static water-level elevation in June 1984 ranged from 125.47 m (411.65 ft) above mean sea level in

well 699-53-47B to 123.23 m (404.31 ft) above mean sea level in well 699-55-50C. The average

groundwater concentrations of 90Sr in 1984 exceeded the Rockwell Hanford Operations administrative

guideline of 30 pCi/L in wells 699-53-47A (65 pCi/L), 699-53-47B (63 pCi/L), and 699-53-48B

(608 pCi/L) (Law et al. 1986). Only low concentrations of 'Sr were found in groundwater from

other upgradient and downgradient monitoring, which indicated that significant 'Sr contamination was

localized near well 699-53-48B (Law et al. 1986).

5.3.3.3 Contaminant Source Model. Section 5.3.1.3 addresses the roles that solubility and

sorption-desorption play in the mobility of "Cs and 'Sr. Sorption-desorption is probably the

primary control for 'Sr and 137Cs migration at the 216-A-25 Gable Mountain Pond. Cushing and

Watson (1974) noted that "Cs appears to be strongly held in the sediments immediately below the

pond. The same is not expected for "Sr; it is thought to occur at the top of the aquifer

(Serkowski and Jordan 1989). Given the 'Sr Rf of 120, appreciable mobility of 'Sr is not expected

and has not occurred.

The °pSr concentrations in groundwater from 1980 through 1995 for wells 699-53-47A, 699-53-47B,

699-53-48A, 699-53-48B, 699-54-48, and 699-54-49 are shown in Figure 5-27. Note that samples

with nondetected or negative concentration results were plotted as "0" in the graphs of Figure 5-28.

Interpretation of these data is complicated by the change in sampling frequency from quarterly to

semiannually in 1990. The 91Sr concentrations are greatest in well 699-53-48B and have increased

roughly five-fold in wells 699-53-47B and 699-53-48B between 1990 and 1995. The cause of this

phenomenon is not known. The changes in concentrations do not appear to be correlated, between

wells, with the changes in water-table elevations shown in Figure 5-27. Concentrations of ``Sr in

well 699-53-47B increased as water-table elevations declined gradually while from January 1990 until

October 1991, concentrations of 'Sr in well 699-53-48B decreased as the water-table elevations
declined. Since October 1991, both the water-table elevations and 'Sr concentrations in well
699-53-48B have increased. The water-table elevations since 1986 in well 699-53-47B correspond to

an interval of basalt boulders and fine sand.

The °'Cs concentrations in groundwater from 1970 through 1995 for wells 699-53-47A, 699-53-47B,
699-53-48A, 699-53-48B, 699-54-48, and 699-55-50C are shown in Figure 5-29. Samples with
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nondetected or negative concentration results were plotted as "0" in the graphs of Figure 5-29. The

maximum concentration of "Cs is 32 pCi/L from well 699-53-47A.

5.4 RISK ANALYSIS

Risk analyses were performed for the following three groundwater contaminant plumes within the

200-BP-5 Operable Unit: BY-Cribs plume, B-5 Reverse Well plume, and Gable Mountain Pond

plume.

This section provides a summary of the risk analyses performed for these sites. The details are
documented separately in Risk-Based Decision Analysis for the 200-BP-5 Groundwater Operable Unit
(BHI 1995c).

The contaminants of potential concern (COPC) in the three plumes are the radionuclides 'Co and °vTc

in the BY-Cribs plume; "'Cs, 239/240Pu, and 'Sr in the B-5 Reverse Well plume; and 'Sr in Gable
Mountain Pond plume. The methodology used in the analysis is based on Risk-Based Decision
Analysis for Groundwater Operable Units (BHI 1995b).

Risk assumptions and scenarios were based on Hanford Site Risk Assessment Methodology (HSRAM)
(DOE-RL 1995b). Hypothetical exposure scenarios were assessed based on both current and future
plume conditions. For current conditions, a hypothetical industrial groundwater ingestion scenario
was evaluated; for future conditions, both industrial and residential ingestion scenarios were assumed.
The industrial ingestion scenario, which is derived from HSRAM, was used in this risk analysis for
illustrative purposes only. There is currently no use of the 200 Area groundwater for drinking water
nor is any anticipated in the foreseeable future; therefore, it should not be implied by this risk
analysis that DOE is advocating use of this groundwater for direct human ingestion.

For future conditions, the transport of J9'240Pu in the B-5 Reverse Well, the 9°Tc in the BY-Cribs
plume, and the 'Sr in the Gable Mountain Pond plume was modeled using a two-dimensional
analytical flow and transport model called CONMIG (Walton 1989). Modeling simulated dispersion,
adsorption, and radioactive decay of constituents during transport.

5.4.1 216-BY Cribs Plume

The maximum concentration of 99Tc measured during the period between January 1993 and
March 1995 was used as the input concentration for each well in the "existing conditions" risk
assessment model. The 95 % UCL concentration of"Tc measured since 1988 was used as the input
concentration for well 699-50-53A in the "future conditions" risk assessment model.

5.4.1.1 Existing Conditions. The hypothetical industrial scenario risk based on contaminant
concentrations and groundwater plume conditions was estimated, plotted, and contoured. The results
show that most of the health risk is attributable to "Tc and not 'Co. The baseline incremental
lifetime cancer risk (ILCR) (6.9 x 105) is calculated for groundwater at monitoring well 699-50-53A,
which during the baseline pre-treatability test period had a maximum 'Tc concentration of
8,640 pCi/L. During the operation of the treatability test, the "Tc concentration increased to
11,200 pCi/L in this well, producing a corresponding ILCR of 8.9 x 1Q5.
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The maximum ILCR for this plume, based on the historical highest concentration of 99Tc measured at

well 699-50-53A during the period 1988 to 1992 (27,548 pCi/L), would be 2.19 x 10". The risk

contours for the existing plume of 99Tc are plotted in Figure 5-30.

5.4.1.2 Future Conditions. The objective of transport modeling was to determine the flow path

length at which the maximum ILCR for "Tc at any location in the plume was no greater than 1 x 10 `

(this objective was requested by the EPA). However, modeling results show that, because of the

large size of the "Tc plume, ILCRs will exceed 1 x 105 at the end of the flow path (the Columbia

River).

Because 'Co has a short half-life of 5.3 years, it was eliminated from consideration for estimating

future risk. The modeled transport of"Tc is essentially dependent on dispersivity because radioactive

decay is negligible. There is, however, uncertainty in the specification of values for dispersivity.

Based on the judgement of the modelers, a longitudinal dispersivity range of 61 to 305 m(200 ft to

1,000 ft) was selected for the analysis to show its sensitivity in the calculated risk results. Using

these assumptions, modeling predicted the following:

Longitudinal Dispersivity = Longitudinal Dispersivity =
61 m(200 ft) 305 m ( 1,000 ft)

99Tc Concentration in Well 2,633 m(8,640 ft)

699-50-53A, pCi/L (existing 2,633 m(640 ft)
plume)

Travel Time, Years 75 75

Travel Distance ( to maximum
8,778 m(28,800 ft) 8,778 m(28,800 ft)

risk point), in (ft)

Maximum "Tc Concentration ,

pCi/L
4,190 1,270

Industrial Risk, ILCR 2.70 E-5 8.30 E-6

Residential Risk, ILCR 1.20 E-4 3.60 E-5

At the request of EPA, additional modeling runs were performed to estimate the location and
magnitude of risks posed by the 99Tc plume in the year 2018. Three modeling cases were addressed
as follows:

Case 1 - A 99Tc concentration observed in well 699-50-53A of 11,200 pCi/L during
pump-and-treat operations. One dispersivity scenario was modeled for this concentration:
30 m(1,000 ft) longitudinal/30 m(100 ft) transverse.

Cases 2a and 2b - Historical high concentrations of "Tc in well 699-50-53A as represented
by the 95 % UCL of sample concentrations obtained during the period from June 26, 1987 to
February 8, 1993. Two dispersivity scenarios were addressed: Case 2a - 305 m (1,000 ft)
longitudinal/30 m(100 ft) transverse and Case 2b - 30 m(100 ft) longitudinal/3 m(10 ft)
transverse. The 95% UCL was calculated to be 27,548 pCi/L.
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Results of these modeling cases are shown in the following table. Figure 5-30 shows the risk
contours for Case 2a based on a residential scenario. The existing plume (industrial scenario) is
plotted on the same base map in Figure 5-30 for comparison.

Case 1 2a 2b

'Tc concentration in well 699-50-53A, pCi/L 11,200 27,548 27,548

Dispersivity: longitudinal/transverse, m (ft) 305/30
(1,000/100)

305/30
(1,000/100)

30/3
(100/10)

Travel time (to 2018), yr 23 23 23

Travel distance to maximum risk point, m (ft) 2,682

(8,800)
2,682
(8,800)

a

Maximum "Tc in future plume, pCi/L 3,800 7,843 a

Industrial Risk, ILCR 2.5E-5 5.1E-5 a

Residential Risk, ILCR 1.1E-4 2.2E-4 a

'Unable to model this dispersivity and travel-time condition.

The Case 2b dispersivity and travel-time conditions could not be modeled. An attempted run
indicated that future "Tc concentrations were greater than the maximum source concentration. This
does not imply that the dispersivity and travel-time conditions are physically impossible, only that the
analytical model will not provide a correct solution under the constraints imposed.

A comparison of Cases 1 and 2a shows that future maximum concentrations and the corresponding
risks are approximately proportional to current historical maximums assuming the same dispersivity.
For example, if the source concentration is assumed to be doubled, the maximum risk in the future
plume is approximately doubled.

5.4.1.3 Conclusions. At the year 2018 and based on the historical 95% UCL 9BTc concentration of
27,548 pCi/L, the modeling shows that the concentration of "Tc is predicted to be 7,843 pCi/L
(compared to the MCL of 900 pCi/L) and will have moved about 2,682 m (8,800 ft) beyond its
present location. This corresponds to a residential ILCR of 2.2 x 10". When it reaches the river, the
concentration of 'Tc is predicted to be higher than the existing MCL and the maximum risk will still
exceed the Model Toxics Control Act (MTCA) standard.

5.4.2 216-B-5 Reverse Well Plume

Calculation of risk from "Cs and 'Sr in the B-5 Reverse Well plume is based on the highest
concentration measured in each well during the period January 1993 through March 1995. For all
wells except 299-E28-25, the most recent sample collection provided the highest value.

Risk for 239124°Pu in the B-5 Reverse Well plume was calculated from the analysis of groundwater
samples collected during the same January 1993 through March 1995 time period. Input to the risk
model was provided by the most recent sampling event, with the exception of wells 299-E28-23 and
299-E28-25, where the higher concentrations were found during earlier sampling events. The highest
concentration, and coincidentally the most recent 23911Pu sampling from well 299-E28-24, was
rejected as suspect data because it was over 100 times greater than the average of earlier analyses
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from that well. The well was resampled in June 1995 (after calculation of the risk) and had an

activity that was 2% of the previous analysis. The next-highest concentration was used as input data

for the risk calculation.

5.4.2.1 Existing Conditions. The risk analysis shows that no one radionuclide is consistently the

major contributor to the ILCR but, rather, the major contributor differs in each monitoring well. The

maximum ILCR (2.1 x 10-1) was calculated for groundwater at monitoring well 299-E28-23. In this

well, 'Sr is the major contributor (86% of the ILCR), with a concentration of 2,310 pCi/L. The

highest ILCR because of "9/'40Pu alone is 1.4 x 10', because of 125 pCi/L of 2111240Pu in groundwater

at monitoring well 299-E28-25. The risk contours for the existing plume are plotted in Figure 5-31 .

5.4.2.2 Future Conditions. Future conditions consider risk because of the B-5 Reverse Well plume

COPCs at a point representing the boundary of the initial buffer zone surrounding the Central Plateau,

as proposed by the Hanford Future Site Uses Working Group. Because of uncertainty in future flow

conditions (due to the dissipation of a groundwater mound beneath the 216-B-3 Pond System), both

northwest and southeast flow paths to the proposed buffer zone boundary were considered. The

length of each flow path is approximately 6,096 m (20,000 ft). Travel-time calculations, along with

radioactive decay calculations, demonstrated that "Cs and 'Sr concentrations will decay to negligible

levels before reaching the boundary for both flow paths. This is because of the moderate-to-high

adsorption of these radionuclides combined with their relatively short half-lives. Therefore, the

transport of these two isotopes did not need to be modeled; however, Z39/ZwPu still exhibited

significant concentrations at the boundary and, therefore, was modeled. The transport modeling

results are tabulated as follows:

239/240Pu Maximum Incremental
Flow Path Travel time

Risk Scenario Concentration Lifetime Cancer
Direction

(pCi/L)
(years)

Risk

Industrial Northwest 0.11 28,500 1.3 x 10'

Industrial Southeast 0.20 7,500 2.3 x 10'

Residential Northwest 0.11 28,500 5.7 x 10'

Residential Southeast 0.20 7,500 1.0 x 10'

The risk contours for the future plume conditions are shown in Figure 5-31.

As requested by the EPA, a travel-time analysis was also performed to calculate travel distances of
"'Cs and 'Sr at 50, 100, and 200 years into the future. Both isotopes will decay approximately three
half-lives in 100 years and approximately six half-lives in 200 years. The travel-time analysis results
are tabulated as follows:

Number of Years Distance (m) Distance (m) Distance (m) Distance (m)
for Contaminant "Sr Migrates "Sr Migrates "'Cs Migrates in "Cs Migrates in
Migration to in Southeast in Northwest Southeast Northwest

Occur Direction Direction Direction Direction

50 198 45.7 7.6 1.5

100 396.2 91.4 15 3

200 792.5 182.9 30 6.1
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5.4.2.3 Conclusions. The risk analysis results show that the future offsite risk associated with the

B-5 Reverse Well plume is well below levels of concern because of the relative immobility of the

principal contaminants.

5.4.3 Gable Mountain Pond Plume

The highest 'Sr concentrations during the period January 1993 through March 1995 were recorded

during the most recent sampling of the wells that comprise the Gable Mountain Pond plume. These

concentrations were used as input to the risk calculations.

5.4.3.1 Existing Conditions. Strontium-90 is the only COPC for the Gable Mountain Pond plume.

The maximum industrial ILCR (1.8 x 10') is calculated for groundwater at monitoring

well 699-53-48B, which had a 'Sr concentration of 994 pCi/L. The risk contours for the existing
plume are shown in Figure 5-32.

5.4.3.2 Future Conditions. Based on EPA's request, the objective of transport modeling was to
determine the flow path length at which the maximum ILCR for 'Sr at any location in the plume
attenuates to, below I x 105, as the plume migrates to the northwest. Modeling results are tabulated
as follows:

Industrial Residential

Maximum 'Sr source concentration 1,008 1,008
(existing plume), pCi/L

Travel time to reach 1.0 x 105 79 127
ILCR, yr

Travel distance to reach 1.0 x 1fl5 914.4 1,372
ILCR, in

'Sr concentration at 1.0 x 105 57 13
ILCR, pCi/L

The risk contours for the plume based on future conditions are shown in Figure 5-32.

5.4.3.3 Conclusions. The risk analysis results show that the Gable Mountain Pond plume will
migrate slowly toward the northwest, but the principal contaminant `Sr will decay to negligible levels
before the plume travels a significant distance.

5.5 UNCERTAINTIES AND DATA NEEDS

This section identifies the uncertainties in the conceptual model for each plume in the
200-BP-5 Operable Unit and the data needs that were recognized during the treatability test operations
and associated groundwater studies.
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5.5.1 216-B-5 Reverse Well Plume

The major uncertainty in the conceptual model of the B-5 Reverse Well Contaminant Plume is the

physical-chemical form of the contaminants. The contaminants at the B-5 Reverse Well are expected

to be highly insoluble, but this cannot be confirmed from physical samples. The anions present in the

aquifer that combined with the plutonium, cesium, and strontium cations determine the solubility of

the plume source. This, along with the character of the aquifer sediments and groundwater flow, may

control the mobility and concentration of the contaminant plume. Physical samples from drill cuttings

or core are needed to determine the Kds of the contaminant source material.

Adequate monitoring well coverage and sampling are needed at the B-5 Reverse Well location to

ensure detection of migration of the contaminant plume in any direction. The B-5 Reverse Well is

located in an area with a very flat groundwater gradient, and no preferential flow direction has been

defined. Groundwater flow to the southeast was recognized during the early years of plant

operations. Currently, wells to the south and southeast of the B-5 Reverse Well (wells 299-E28-14

and 299-E28-4) are not in sample-ready condition and could not detect contamination spread in those

directions. A series of monitoring wells constructed closer to the B-5 Reverse Well would provide an

early warning if the contaminants were more mobile than expected.

5.5.2 216-BY Cribs Contaminant Plume

The first uncertainty about the BY-Cribs plume is the conceptual model for this plume and whether

pockets of more highly concentrated contaminants are contributing to the growth of the plume. As

discussed in Section 5.3.2, there are at least two models with which to explain the distribution of

contaminants within the current plume. The existence of high-activity contaminants in sediments or

basalt fractures near or currently above the water table or as dense solutions within basalt fractures at

the bottom of the aquifer remains uncertain.

The remaining uncertainty is the location of any preferential groundwater flowpath within the plume.

The BY-Cribs plume is relatively confined and thin, due in part to the configuration of the surface of

the underlying basalt. Erosion of the upper surface of the basalt may have resulted in basalt highs

that divert the flow of groundwater or, conversely, erosional channels that tend to provide preferential

flow paths for the groundwater. These erosional channels might be the optimal target for extraction

well locations because of the potential increased aquifer thickness.

The continued monitoring of the BY-Cribs plume will remain a data need as regular monitoring will

be necessary to detect changes in the plume configuration or concentration.

5.5.3 216-A-25 Gable Mountain Pond Plume

There is uncertainty about groundwater flow at the Gable Mountain Pond plume and the potential for
contaminant migration before radioactive decay reduces its level of risk. The monitoring well
network at the Gable Mountain Pond appears to be adequate to recognize contaminant migration, but
should be confirmed by flow modeling. In addition, a regular sampling program must be maintained.
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Figure 5-1. 200 East Processing Areas.
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Figure 5-2. 200 West Processing Areas.
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Figure 5-4. Estimated Annual Discharge ( in liters) to Gable Mountain Pond (216-A-25),
and B Pond System (216-B-3 Ponds), 200 East Area, 1945 to 1994.
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Figure 5-5. Ditches and Pipelines Used For Effluent Transport to the 216-B-3 Pond System.
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Figure 5-6. Estimated Annual Discharges (in liters) to S Ponds, T Pond,
and U Pond, 200 West Area, 1944 to 1993.
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Figure 5-7. Estimated Annual Discharge (in liters) to S Plant, T Plant,
U Plant, and Z Plant, 1944 to 1993.
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Figure 5-12. Historic Gross Beta Distribution Maps in 200 Areas, 1956 to 1992. (4 Sheets)
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MPRO%INATE EXIENT OF KNOWN GROUNDWATER CONTANINATION FROM THE
200 EAST AREA DURING 1990 TNROUGN 1992 (AFfER FORD. 1993).
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Figure 5-12. Historic Gross Beta Distribution Maps in 200 Areas, 1956 to 1992. (4 Sheets)
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Figure 5-15. Strontium-90 Concentrations
in Wells at the 216-13-5 Reverse Well,
1985 to 1994.
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Figure 5-16. Cesium-137 Concentrations
in Wells at the 216-8-5 Reverse Well,
1985 to 1994.
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Figure 5-20. Cyanide Distribution in
Wells at the 216-BY Cribs Plumes, 1985
to 1995.
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Figure 5-21. Cobalt-60 Distribution in
Wells at the 216-BY Cribs Plumes, 1985
to 1995.
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° Figure 5-22. Technetium-99 Distribution
in Wells at the 216-BY Cribs Plumes, 1985
to 1995.
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Figure 5-23. Gross Beta Time History at Well 699-55-50A,
215-A-25 Gable Mountain Pond, 1952 to 1990.
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Figure 5-24. Strontium-90 Time History at Wells in the 216-A-25 Gable Mountain Pond
Plume, 1980 to 1995. (2 sheets)
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Figure 5-24. Strontium-90 Time History at Wells in the 216-A-25 Gable Mountain Pond

Plume, 1980 to 1995. (2 sheets)
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Figure 5-25. Gable Mountain Pond Strontium-90 Plume- Data are from 1994.
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Figure 5-26. Site Map of the Deactivated 216-A-25 Gable Mountain Pond Showing Well Locations.
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Figure 5-27. History of Strontium-90 Concentrations in Groundwater and Water-Table Elevations in
Wells 699-53-47B and 699-53-48B, Gable Mountain Pond.
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Figure 5-28. History of Strontium-90 Concentrations in Groundwater at Gable Mountain Pond.
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Figure 5-29. History of Cesium-137 Concentrations in Groundwater at Gable Mountain Pond.
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Figure 5-30. 216-BY Cribs Plume Incremental Lifetime Cancer Risk for Reasonable

Maximum Exposure to Technetium-99 in Groundwater, Existing and Future Conditions.
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Table 5-1. Summary of Waste Management Units Pertinent to 200-BP-5 Treatability Test.

Waste Management
Years in Service Source Description

Waste Volume

Received p)Unit

216-B-43 Crib through November 1954 to Scavenged tributyl phosphate supernatant from 221-U during
3.38 E+07

216-B-49 Crib December 1955 uranium recovery operations.

January 1965 to Waste storage tank condensate from the in-tank solidification (ITS)
48 E+075216-B-50 Crib

January 1974 B-5 Reverse Well in the 241-BY Tank Farms.
.

February 1968 to Waste storage tank condensate from the ITS BY-Cribs in the 241-BY 8 44 E+07216-B-57 Crib
June 1973 Tank Farm.

.

Supernatant overflow from the 216-B-361 Settling Tank waste via

216-B-5 Reverse Well
April 1945 to

Tank 5-6 in 221-B and liquid waste from 224-B. Cell drainage and 3.06 E+07
October 1947

other liquid waste via Tank 5-6 in 221-B.

216-B-3 Pond
April 1945 to
December 1994 Steam condensate and process cooling water from 221-B, cooling

---------------------- ----------------- water from Waste Encapsulation Storage Facility, water from

216-B-3A Pond
October 1983 to

284-E Powerhouse, cooling water from 242-A, 244-CR, and
40 E+ 112

---------------------- --
December 1994

- 244-AR, process, condenser, and air sampler vacuum pump cooling
.

216-B-3B Pond June 1984 to 1985 water from 202-A, chemical sewer effluent and fractionator

---------------------- ----------------'-- condensate from 202-A.
216-B-3C Pond 1985 to Present

Process cooling water from 202-A, contact condenser cooling water

from 241-A-431, surface condenser cooling water from 241-A-401,

216-A-25 Pond
December 1957 to

284-E Powerhouse water, cooling water and steam condensate from 3.07 E+ 11
1987

244-AR Vault, steam condensate cooling water from 242-A, and

B Plant cooling water.

C7
O

d^
d r

to °
^
^

Source: WHC (1991).

Source: Maxfield (1979).



Table 5-2. Radionuclide Waste Inventory Summary.

^

Quantity of Reported Radionuclides (Ci)'
Waste Management

Unit Number and

Type 241Am 'Co "Sr "'Cs

Plutonium
Total

(grams)

Z'BPu "'Pu 240Pu

216-B-43 through

216-B-49 Crib
0.00 E+00 4.06 E-02b 4.43 E+02 1.64 E+03 7.05 E+01 0.00 E+00 1.01 E+03h 1.09 E+006

216-13-50 Crib 0.00 E+00 2.83 E-02° 3.39 E+00 5.12 E+01 2.39 E-01 0.00 E+00 1.36 E-02" 3.68 E-031'

216-B-57 Crib 0.00 E+00 1.47 E-02" 1.83 E+00 2.26 E+02 1.87 E-O1 0.00 E+00 1.06 E-021' 2.87 E-03

216-B-5 Reverse Well 0.00 E+00 0.00 E+00 2.55 E+01 2.92 E+01 4.27 E+03 0.00 E+00 2.44 E+02° 6.57 E+01°

216-A-25 Pond 5.28 E-04 -- 2.57 E+02 2.04 E+02 4.28 E+02 -- -- --

216-B-3 Ponds` 3.96 E+00 -- 1.01 E+02 9.35 E+01 2.50 E+02 2.60 E-03 7.99 E-01 --

Waste Management Quantity of Reported Radionuclides (Ci)'

Unit Number and
Ty^ z"Pu 106Ru

Total

Uraniunr
3x Alpha Beta :38U usU

216-B-43 through

216-B-49 Crib
0.00 E+00 0.00 E+00 1.80 E-01 2.41 E+03n 2.65 E+02 1.04 E+04 1.80 E-01° 0.00 E+00

216-13-50 Crib 0.00 E+00 0.00 E+00 9.50 E-05 9.00 E+01 1.47 E-02 1.05 E+02 1.00 E-04 0.00 E+00

216-B-57 Crib 0.00 E+00 0.00 E+00 2.97 E-04 0.00 E+00 1.15 E-02 4.37 E+02 2.90 E-04 0.00 E+00

216-8-5 Reverse Well 0.00 E+00 1.03 E-11 0.00 E+00 0.00 E+00 2.62 E+02 1.08 E+02 0.00 E+00 0.00 E+00

216-A-25 Pond 1.62 E-04 4.24 E+00 2.13 E+02 2.75 E+01 9.39 E+02 - --

216-B-3 Ponds` -- -- --

NOTES:
aValues decayed through December 31, 1989 unless otherwise noted.

°Values are decayed through April 1, 1986.

`Unplanned releases UN-200-E-32, UN-200-E-34, and UN-200-E-138 contained approximately 21,000 Ci of activity.

d
0

c7 ^
w r.
=
oy °
^
^

-- indicates no inventory data available.



£

Tahlr 5-1 Chemical Waste Inventorv Estimates.

^
-^
w

Waste Management Quantity of Reported Chemicals (kg)a

Unit Number and

Type AINO3 F FeCN HZSO, HNO3 K Na NaAI

216-B-43 Crib through
216-B-49 Crib

-- -- 2.27 E+04 -- -- -- 2.65 E+06 --

216-B-50 Crib -- -- -- '- - -- 5.00 E+02 --

216-8-57 Crib - -- --

216-B-5 Reverse Well 5.00 E+03 5.00 E+04 -- -- -- 8.00 E+04 -- --

216-A-25 Pond "

216-B-3 Ponds -- --

Waste Management Quantity of Reported Chemicals (kg)'

Unit Number and

Type NaCrZO 7 NHaCO3 NHaNO3 NO2 NO3 Oxalate P04 SO4

216-B-43 Crib through

216-B-49 Crib

-- -- -- 5.69 E+06 -- 3.32 E+05 4.69 E+05

216-B-50 Crib -- 9.10 E+04 1.00 E+04 -- 1.50 E+03 -- -- --

216-B-57 Crib -- 1.20 E+04 -- -- -- --

216-B-5 Reverse Well -- -- -- -- 4.00 E+05 1.20 E+04 2.90 E+04 3.30 E+03

216-A-25 Pond

216-8-3 Ponds - -- -- -- --

NOTES:

The reported inventories are derived from the Waste Information Data System (WHC 1991) and Stenner et al. (1988). Not all sites have

reported inventories, and the inventories do not necessarily list all of the contaminants disposed of at a site.

V
0
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-- indicates no inventory data available.
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6.0 216-BY CRIBS TREATMENT SYSTEM

This chapter describes a proposed system scale-up for the plume at the BY-Cribs site and includes

cost estimates for system design, fabrication, operation, and well drilling. Because of similar

treatment rate capabilities and system design, the N-Springs pump-and-treat system can be used as a

model for system design and construction costs. A significant fraction of the cost is in locating

significant quantities of highly contaminated groundwater. Operational costs are presented on a

per-year basis and totaled for 5 years. Cost escalation is not included.

6.1 CONTAMINANT EXTRACTION SYSTEM CONCEPTUAL DESIGN

The interim remedial approach described here for the BY-Cribs Plume is intended to prevent further

northward migration of the contaminant plume and eliminate the highest concentration core of the

contaminant plume within a reasonable period of time (Figure 4-7). Based on the level of uncertainty

in the contaminant conceptual model and the parameters established in Section 6.2 for system

operations, a better understanding of the local aquifer properties and contaminant plume geometry is

required to optimize the contaminant extraction system design and operation. A focused subsurface

investigation program is necessary to refine the aquifer hydrology, geology, and contaminant trend

data necessary to design an efficient and inexpensive extraction network.

The groundwater flow pattern for the BY-Cribs plume is restricted on the east due to the basalt

subcrop located east of wells 699-50-53A and 699-52-54. Geologic logs of the local wells and

regional geologic mapping indicate that the aquifer thickens to the west and north of the subcrop.

Aquifer thickness in the area of the 99Tc contaminant plume ranges from 0 in to less than 3 m((l ft to

< 10 ft) thick. Section 5.3.2.3 proposes the possibility of a late-Pleistocene flood-related erosional

channel incised into the basalt underlying the aquifer. The erosional window defined by well

699-53-55 cluster and well 699-55-55 (Section 1.4.3) substantiates the possibility of such erosional

features. If present, any erosional channel would result in a local thickening of the aquifer.

For greatest efficiency, the contaminant extraction well network should be located in the area where

the greatest aquifer thickness coincides with the highest contaminant concentration. If an erosional

channel is present, its location may be the optimum site for the extraction well network. The focused

subsurface investigation would be composed of a seismic reflection survey to determine the profile of

the bottom of the aquifer and locate any preferential flowpaths in the area of the contaminant plume

(Section 5.3.2.3) and a limited groundwater sampling program using the sonic-push technique to

access the aquifer (Section 4.4.1) and determine both aquifer thickness and contaminant

concentrations. The limited geophysical investigation and sonic-push probe activities would produce a

refined plume thickness and contaminant concentration model.

The subsurface investigation would be followed by the construction of at least five new groundwater

extraction wells. In addition to providing sites to extract contaminated groundwater, the new wells

would provide confirmation of the geohydrologic properties of the aquifer and also provide aquifer

sediments for laboratory analyses related to contaminant geochemistry and bench-scale treatment tests.

Aquifer pump tests would be conducted at each extraction well before the construction of the
succeeding well to confirm that sufficient groundwater production is available from the well, to ensure
that unanticipated changes in the aquifer are mitigated by the appropriate location of the next well,

and to update the capture-zone model.

RL95-59.w51/A1 6-1
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A preliminary capture-zone analysis for the By-Cribs plume was conducted utilizing known aquifer

properties. Due to the recognized thin aquifer and flat gradient, it is expected that well spacing on

the order of 250 to 300 m(820 to 984 ft) between wells would be sufficient to capture the highest

concentration portion of the plume and prevent northward migration. The analysis indicates that five

extraction wells located in the thicker aquifer section along the north-south axis of the plume and

producing 38 L/min (10 gal/min) each would be necessary to effect plume containment and support

contaminant mass reduction (Figure 6-1). According to a preliminary capture-zone analysis,

groundwater pumping from each of the extraction wells shown in Figure 6-1 for a period of 5 years

at a rate of 38 L/min (10 gal/min) would be sufficient to remediate the highest concentration core of

the BY-Cribs plume.

The groundwater extraction wells would be constructed as 10-cm- (4-in.) diameter wells to reduce the

installation cost. The wells would penetrate at least 6 m(20 ft) into the underlying basalt to enlarge

their cones of depression and to capture any contaminants migrating within the fractured portions of

the basalt.

The ion-exchange plant would be located near the center of the extraction well network north of well

699-52-54. One 15-cm- (6-in.) diameter injection well located to the east of the extraction well

network and north of the basalt subcrop would be used for the injection of processed water. The

appropriate location of the injection well would establish a groundwater gradient to assist in moving

the plume towards the extraction wells. The approximate locations of the extraction well network,

the injection well, and the configuration of the contamination capture zone are shown in Figure 6-1.

The estimated costs of the focused subsurface investigation, the groundwater extraction well network,

and the injection well are presented in Table 6-1.

6.2 TREATMENT SYSTEM DESIGN PARAMETERS FOR THE 216-BY CRIB PLUME

This section discusses the design basis for an ion-exchange treatment system. Assumptions are as

follows:

• "Tc is the primary target contaminant of concern and is assumed to be entering the system at

an average of 10,100 pCi/L. It is expected that 'Co and cyanide will also be removed by

the resin but nitrate will not.

• Round-the-clock operations will extract and treat groundwater at rates of 189 L/min

(50 gal/min) using the ion-exchange resin Dowex 21K. An operational life of 5 years is

assumed of the system. An 80% service availability will be maintained with time out for

scheduled maintenance, resin changeouts, etc.

• Fully automatic, failsafe, largely unmanned operation will be the norm. Daily/shift-wise

examination of the system by operators and sampling for system performance by roving

sampling crew.

• The system shall conform to all applicable environmental regulations. System will remove
'Tc to below DWSs of 900 pCi/L.
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• One large holding tank will be installed on either side of the treatment system to contain

influent and effluent waters. Each tank will have a capacity of 49,210 L ( 13,000 gal).

• Operating design will be three resin vessels in series, plus a backup vessel, each column

sized to provide 5-minute residence time. This will ensure no breakthrough of radionuclides

while saturating the lead-column resin. No GAC treatment for organics is required.

• Equipment redundancies for mechanical operating components (pumps, filter systems, etc.)

are required.

• No pre-treatment for removal of groundwater constituents is assumed.

• Laboratory analyses will be required for assessing system performance. No real-time, online

techniques are available to quantify target radionuclide at historical concentrations. Regular

sampling will be required until saturation of the lead column approaches. Continuous

monitoring will not be required.

• Resin backwashing to remove fines will be performed using the offline vessel. Resin

removal and addition will be accommodated through an adequately sized port.

• System winterization will be required. This is assumed to be implemented using gravity

draining of the lines. The treatment system will need to be protected from the environment.

• Permanent power and utilities will be provided to process plant and extraction wells.

• Road construction will be required for access to the plant and to any wells used in plume

treatment.

6.3 SYSTEM DESIGN

The N-Springs pump-and-treat system, used to remove 'Sr at the N-Springs site, is used as a basis

for conceptual design and cost estimate for the scaled-up BY-Cribs"Tc plume treatment system. The

N-Springs treatment system functional and operational requirements have been presented in Frain and

Jackson (1995), and a design description has been presented in DeSemple et al. (1995). The system

design is included in this document by reference to the 100-N Area, N-Springs Pump and Treat

Piping and Instrumentation Diagrams, 0100N-DD-J001, 0100N-DD-J002, and 010oN-DD-J003.

Conceptually, the system design is similar to that shown in Appendix A. Water pumped from the

well(s) is sent to a large holding tank near the treatment system. That water is pumped through a

pump/filtration system to the treatment system. A treatment train of three resin columns in series is

specified to contain .093 m' (33 ft') each of DOWEX 21K resin. A fourth column is held in reserve

for resin changeout/loading. The system is plumbed such that any sequence of resin columns can be

connected/valved to provide three-tank series operation. Treated water is sent to a second large

holding tank for post-treatment storage. Treated water will be sent to the injection well(s) by a

booster pump/filtration system. Sampling ports are provided. All equipment except the extraction

and injection wells and large storage tanks are placed inside a weatherproof enclosure.
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6.4 SYSTEM COSTS

Cost data provided from the N-Springs pump-and-treat project are actual constructed costs. The

ability to build a system from the existing plans eliminates some of the costs associated with designing

the system from scratch. Labor requirements for operation assume roving operator support on a daily

or shift-wise basis. Engineering support is assumed for day shift only. Costs for a BY-Cribs system

are directly factored from N-Springs costs. Cost data are provided in Table 6-1.
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Table 6-1. 216-BY Cribs Treatment System Estimated Cost. ( 3 Sheets)
(all costs are approximate)

N-Spring BY-Cribs Site
Actual Estimate

System Design and Construction

Project Support

Direct Support 157,378 157,378

Indirect Support 297,940 297,940

Subtotal 455,318 455,318

Well Design' 270,781 250,000

Subsurface Investigations

High-Resolution Seismic Reflection Survey (To include 500.000
subcontractor labor/equipment/analysis/interpretation for surface
study and necessary cross-hole seismic velocity
testing/analysis/interpretation.)

Sonic Drilling Probe Holes 150,000

Subtotal 650,000

Well Installation 850.000

Indirect 201,295

Installation 841,112

Evaluation/Characterization 167,866

Subtotal (To include costs of drilling, materials, aquifer testing and 1,210,273 850,000
evaluation, geological logging/sampling/reporting, geophysical
logging, etc.)

Design

Skid Design 88,241 N/A"

Basic Operating Plant Design 458,133 150,000h

Subtotal 546,374 150,000

Skid Procurement 281,739 281,739

Construction 992,736 992,736

180,571 180,571

Subtotal 1,173,307 1,173,307

Construction Management 37,533 37,533

87,705 87,705

Subtotal 125,238 125,238

Waste Management 7,537 7,537

Health and Safety 41,547 41,547
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Table 6-1. 216-BY Cribs Treatment System Estimated Cost. (3 Sheets)
(all costs are approximate)

N-Spring BY-Cribs Site
Actual Estimate

Acceptance Setup/Testing 114,881 114,881

211,029 211,029

Subtotal 325,910 325,910

Performance Monitoring

Data Quality Objective/Performance Monthly Plan 42,408 42,408

Water Level and Groundwater Sampling 299,432 299,432

Groundwater Modeling 18,584 18,584

Performance Evaluation 5,367 5,367

Treatability Technical Evaluation 16,173 16,173

Subtotal 381,964 381,964

Site Maintenance 39,712 39,712

Total 4,859,700 4,732,272

System Operations

Labor

Craft (72 h/wk, includes operators, maintenance, health physics 206,000
technicians)

Technical/Administrative (72 h/wk, includes engineering, 262,000
geosciences, project management, samplers, clerical, etc.)

Field Supervisory (24 h/wk) 87,500

Subtotal (per year) 555,500

Subtotal ( for 5 years) 2,777,500

Sampling

Performance Monitoring (5 well samples and 1 post-treatment 182,000
sample, 7 times/2 wk for °BTc; 35 samples/2 wk, $200/sample)

System Monitoring (6 post-treatment stage samples, 218,400
7 times/2 wk for "Tc)

Offsite Laboratory Sampling (6 samples/mo, 99Tc, same sample 14,400
points as system monitoring, $200/sample)

Resin Characterization/Disposal (21 samples/yr analyze for 'Tc, 105,000
`'Co, nitrate, metals)

Miscellaneous ('Co, cyanide, nitrate, interfering groundwater 100,000
anions and cations, 12 times/yr, 'Sr quarterly)

Subtotal (per year) 619,800

Subtotal (for 5 years) 3,099,000
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Table 6-1. 216-BY Cribs Treatment System Estimated Cost. (3 Sheets)
(all costs are approximate)

N-Spring BY-Cribs Site
Actual Estimate

Materials

Resin replacement (21 times/yr x 34 ft', $200/ft) 143.000

Miscellaneous (maintenance replacement parts, materials, etc.) 45,000

Subtotal (per year) 188,000

Subtotal (for 5 years) 940,000

Waste Disposal

Resin Removal and Replacement

Craft Labor (decontaminating and decommissioning, health 74,000
physics technical, etc., 4 craft at 16 h, 21 times/yr)

Field Supervision (16 h, 21 times/yr) 23,500

Materials (drums, burial boxes, miscellaneous materials, 635,000
$3,000/event, 21 events)

Disposal to the Environmental Restoration Disposal Facility NO CHARGE

Subtotal (per year) 732,500

Subtotal (for 5 years) 3,662,500

Total Operations per year 2,095,800

Total Operations for 5 years 10,479.000

Total System Design/Installation 4,732,272

Total System Cost for 5 years 15,211,272

'Selection of well locations based on subsurface investigation and groundwater modeling, sizing
injection and extraction wells and extraction pumps; planning support facilities for wells including
transfer line design, booster pump system design, well instrumentation, and power system lines and
general site layout.

"Costs not calculated or are reduced to reflect use of existing design.
N/A = not applicable.
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7.0 CONCLUSIONS AND RECOMMENDATIONS

The Risk-Based Decision Analysis for the 200-BP-5 Groundwater Operable Unit (BHI 1995c),

summarized in Section 5.4, indicates that there is no significant future risk to human health associated

with the "'Cs, 2'9n"°Pu and 'Sr contamination at the B-5 Reverse Well plume. The treatment system

for the B-5 Reverse Well performed satisfactorily for removal of all three contaminants. Aquifer

pumping easily provided substantial quantities of groundwater containing significant concentrations of

"'Cs and 'Sr. However, the concentrations of 23wZ"°Pu in the extracted groundwater were small

relative to the quantities of 2'9n"°Pu discharged to the ground, confirming that the soil adsorbs

plutonium to the extent that the groundwater is not excessively impacted. The future risks are low at

this plume because both the "'Cs and 'Sr decay to negligible levels long before the plumes migrate

off the Central Plateau and the =J912"0Pu is essentially immobile. For this reason, it is recommended

that the treatability test/pilot-scale pump-and-treat study be discontinued at the B-5 Reverse Well

plume.

The plume beneath the 216-A-25 Gable Mountain Pond has already migrated off the Central Plateau,

and the maximum risk associated with the 'Sr in this plume exceeds an ILCR of I x 105. Transport

calculations show that this maximum risk will be reduced to the 10-5 residential ILCR level after the

plume has traveled approximately 1,372 m(4,500 ft), which will take approximately 127 years.

The RBDA document also indicates that, at the BY-Cribs plume, the future risks associated with the

09Tc in this plume are predicted to be above MTCA standards. The ion-exchange treatment system

has been shown to work satisfactorily in removing elevated concentrations of 'Co and 'Tc at the

BY-Cribs site. However, the demonstrated poor groundwater extraction rates at this site emphasize

the large degree of uncertainty about plume geometry and aquifer characteristics. For this reason, it

is recommended that the treatability test/pilot-scale pump-and-treat study be discontinued at the
BY-Cribs plume.

A limited program of groundwater monitoring is necessary to assess the continued migration of plume

contaminants at the 216-B-5 Reverse Well, the 699-505-3A site, and the 216-A-25 Gable Mountain

Pond site. The monitoring program should be designed to determine the geometry and migration of

the "Co, 'Sr, 'Tc, 137Cs, 239/2'OPu, nitrate, and cyanide plumes. In addition, wells not associated
with a plume but that have shown increased concentrations in target contaminants should be sampled
regularly to determine if the plume is moving in an unexpected direction. An annual monitoring
program at wells within and adjacent to the plume should be sampled for only the target
contaminants. Other plumes that may be in the 200-BP-5 Operable Unit boundaries (e.g., 1211, 'H)
are either at low concentrations, are not treatable with current technology, or are sampled by other
programs. Regardless of which Hanford organization performs the sampling, the analytical results
must be evaluated to determine plume changes and to evaluate and approve future sampling.

7.1 TREATABILITY TESTING

The 200-BP-5 Operable Unit treatability test began with the initial definition of success as meeting or
exceeding 90% removal of radionuclides in the influent groundwater. At a later date, the requirement
that each radionuclide be treated to concentrations less than its MCL was applied to ensure no
out-of-plume contamination of the aquifer. In most cases, this requirement was easily met; but for
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""Sr, the new definition for success required a 99.8% plus system removal efficiency to achieve the

MCL, which was found to be more difficult to meet.

The treatability test results show that 6'Co and"Tc at the BY-Cribs plume and "Cs and =3°'2'Pu at

the B-5 Reverse Well could be removed to below MCL levels by ion exchange. For 'Co and

139114°Pu, the data show that the treatment systems either closely approached the 1.2 pCi/L MCL for
z'vzwPu or exceeded the 90% removal efficiency for 'Co.

The initial pilot test run at the B-5 Reverse Well showed that the 'Sr MCL could not be effectively

met, although greater than 90% removal occurred over about 500 BV throughput. Increasing contact

time in the second run significantly improved 'Sr removal efficiency such that removal efficiency

could be maintained above 90% for about 1,850 BV; the second pilot run did not achieve the 'Sr

MCL in the effluent.

The mini-column testing showed higher 'Sr removal efficiencies relative to the pilot plant. Two

mini-column tests run at approximately 5.5 minutes per column residence times indicated that ``Sr

system removal efficiencies of greater than 90% were achieved for 3,500 By. For mini-column tests

operated at 12 minutes per column empty-bed contact times, removal efficiencies greater than 90%

were achieved for almost 2,900 By. Additionally, 90Sr was removed to below the 8-pCi/L MCL for

the first 1,000 to 1,250 BV in the two 12-minute per column tests. Based on analysis of the kinetic

rate constants calculated for these data, an extrapolation indicates that a three-column clinoptilolite

system with about 18-minute contact time in each column should be sufficient to meet the 8-pCi/L

MCL for several thousand bed volumes. However, high removal efficiencies require higher capital
investment for larger adsorbent beds than do lower removal efficiencies.

Resin/adsorbent saturations of 90% to 100% for the radionuclides were not achieved for any of the
materials in the pilot-scale systems. Full saturation test results were only achieved at the BY-Cribs
mini-column tests for 99Tc, where 90% saturation was achieved at 5,200 By.

Bench-scale mini-column tests were useful in shortening the time needed to get results and in the
ability to test alternate resins. However, because the mini-column tests outperform the pilot-scale
system in removal of radionuclides, some conservatism is needed to project the smaller system's
results to that of a larger system. Tests capable of meeting the demonstrated need for long runs to
reach saturation are practical only in a field-based bench-scale test. This type of test would be
required to determine the ultimate adsorbent consumption rate. The treatability test data are adequate
for developing a conservative design of a treatment system.

The test objectives included development of recommendations for a scale-up of the pilot test systems
to full-scale IRMs. A design has been proposed for a treatment system at the BY-Cribs plume for the
target contaminant "Tc. The design is based on the pilot-scale treatment resin, DOWEX 21K, in a
system modeled after the 189-L/min (50-gal/min) N-Springs pump-and-treat system. However, it
would first be necessary to characterize the 99Tc contaminant plume prior to installing a treatment
system.
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7.2 GROUNDWATER REMEDIATION

While there are no drivers for remediation of any of the 200-BP-5 plumes on the accelerated IRM

pathway, it is recommended that monitoring of the groundwater plumes at the BY-Cribs be continued

and monitoring of both the B-5 Reverse Well and 216-A-25 Gable Mountain Pond plumes be added to

the project scope. These monitoring activities should be conducted on at least an annual basis and

should be increased in frequency if significant concentration changes or plume movement are

observed. Existing well coverage may not be adequate for all sites or for potential changes in plume

migration direction. In the future, additional wells should be considered if such changes are noted or
groundwater modeling indicates gaps in the groundwater monitoring network.

The RBDA for the BY-Cribs plume shows that the future risks associated with the "Tc in this plume
exceed the risk level allowable by MTCA. The risk analysis predicts that at the year 2018, the point
of maximum concentration (based on a historical 95% UCL concentration of 27,548 pCi/L of 99Tc)
will have moved about 2,682 m(8,800 ft) downgradient and the maximum concentration of wTc will

be about 7,843 pCi/L (2.2 x 10' residential cancer risk). The risk analysis further predicts that the

plume will reach the river in about 75 years and the residential risk will still exceed the allowable
MTCA risk standard. Because there is no effective means of remediating this plume, it is
recommended that this plume be removed from the accelerated IRM pathway and all further work be
deferred for the time being. If an IRM or other remediation activities were to be initiated at some
point in the future, a substantial aquifer characterization effort would be required to resolve the many
technical uncertainties regarding the contaminant conceptual model and hydrogeology of this site.
Such characterization work would include drilling new wells across the extent of the plume to
determine its areal extent and aquifer properties. New wells should be located using results from a
seismic refraction survey, which would be used to map the top of basalt, and from direct drilling to
those locations where topographic lows in the basalt may indicate thicker aquifer conditions. Aquifer
production properties need to be tested as well. Undisturbed sediment and basalt samples and depth-
specific groundwater samples need to be obtained to permit geochemical and hydrological analyses.

The RBDA indicates that the B-5 Reverse Well plumes will not produce an unacceptable risk to
offsite groundwater users. Therefore, it is recommended that the plumes be removed from the
accelerated IRM pathway and that the future course of action include only groundwater monitoring to
track plume movement and verify modeling results. Existing groundwater monitoring wells located
south and southeast of the B-5 Reverse Well should be remediated and added to the monitoring
network should any future site groundwater modeling activities indicate the potential for southerly
groundwater flow.

The 216-A-25 Gable Mountain Pond does not require additional characterization at this time. The site
has received large quantities of contaminants, but most appear to be well-bound to the vadose zone
and will decay to negligible levels. Because of the expected low migration potential for the site
contaminants, predicted at 1,372 m(4,500 ft) in 127 years for 'Sr, by the risk analysis, only annual
groundwater monitoring is required. Increases in groundwater 'Sr concentrations observed over the
last 5 years may require additional study if the trend continues.
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7.3 LESSONS LEARNED

A number of problems were encountered during the course of developing the two pump-and-treat

systems at the 200-BP-5 Operable Unit. Resolutions, consisting of either fixes to the problems or

adjustments to the project, were ultimately found for the problems. A discussion of what was learned

from these problems and responses is the subject of this section.

7.3.1 Groundwater

The most significant difficulty encountered in the 200-BP-5 Operable Unit was the lack of

groundwater at the BY-Cribs site. Although the data were available during the course of treatability

test plan preparation in 1993, in the form of semiannual and annual groundwater elevation reports

(i.e., Kasza et al. 1990), the decline in groundwater levels was not recognized until early 1994 and

was confirmed with the well suitability testing discussed in Section 4.1.

In an effort to better assess aquifer thickness and plume distribution at the BY-Cribs site, a drilling

program for new wells was proposed and implemented several months before start of the treatability

testing. Plans to drill holes blindly in the presumed vicinity of the plume were rejected as being too

much risk for the cost. The use of a push technique (Section 4.4.1) using a Water Development

Company sonic drill rig and standard cone penetrometer rods was implemented. Although only three

boreholes out of eight were completed successfully into the aquifer and another three were stopped

short of the aquifer, the data were collected rapidly and efficiently. Problems with the cone

penetrometer rods were not overcome during the course of testing but helped to direct modifications

after completion of the BY-Cribs drilling. The technique offers considerable benefits for relatively

limited costs.

The use of high-resolution seismic reflection surveys to map the top of basalt was discussed during

the course of field work and needs to be investigated further. The technique offers the ability to get

away from blind drilling by characterizing broad areas of the subsurface with surface-based

geophysical techniques. The cost of subsurface characterization on a per-square-foot-basis for several

miles of survey lines would be equal to that of several boreholes but would significantly increase the

potential for locating thicker parts of the aquifer and could proportionately decrease the chances of

dry holes. Formation seismic velocity data have been gathered that would significantly improve the

technique's accuracy.

7.3.2 Laboratory Testing

Laboratory testing was recognized as an important phase of the treatability test development program

during preparation of the treatability test plan. The value of mini-column tests was recognized by
their ease and efficiency of testing treatment alternatives. The systems were able to deliver saturation

data for some of the contaminants. For others, alternate adsorbents, longer residence times, and pre-
treatment alternatives were examined. Some of this data could have been obtained during laboratory
testing, but the volume of water required would have limited laboratory test effectiveness. Field
mini-column testing provided an effective alternate to making constant changes in pilot-scale system
operation.
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TECHNICAL DATA SHEET

CA11ON I:XCHANGE CAPACIIY.........................................1.85 meq/gm.
()hls number may vory as C.M. values are relative to procedure)

C9noptllolite (based on X-ray dH(raction In weight percent 90+/-5

Chemical Anahrsis
(In welpht pen:ent)

sc^

AW
Co0
Nb0

NO

)G2O

Feti

Mn0

69.1
11.9

J
A

35

Si

3

d9

Maio Exch naea le CcdLgM
Rb+ it K* CS* -NHS Ne'

A+ Cd+2 pb+2 Zn+2 Bcj+2

g+2 a+2 HQ+2 Mg+2 F64

Cb4- A& Q+3
SelectMiy for the above caflons Is a function of

hydrated mofecdar size and relative coneentrotion.

PrImaty Adsorbing GasE;I
CO C02 SO2 W1S NH3 1i010 Ar 02

PLZ H2C He H2 Kr Xe CH.-,CH

Freon Formaldehyde Merc:aptans

Moleculor RaHo Si/AI
BuBt Denstly(soGd dded)
Bulk DensHBy(aggrepate dded)
Hordness-Mohs Scale
Pore sire (diomefer)
Pore Vohrne
Spec'dic Suftace Area
AOtaY Stobilfly (pH)
Acid Sta610y (pH)
fiermd StobIDly
Gushing Shengfh

4,9
871bs/fl3 (1390kgs/m3)
51-601bs/0 (817-962 kf7s./mt3)
5.1
4.OA
i5"1L
1357 yd2/oz (d0mt2/gm.)
7-13
0-7
1202F (650^
25001bs./1 (176kgs./ur2)

hformatlon hereh is accurate to the best of our knowledge. SUeges)lons are made wthout warranty or
guararrtee of reaul)a. Before uslnA, user shotdd detertnlne the suHoblYty of the product for his lntended use and iaer
assumoe the rLslc and ifabfl)y In corne^.-ilon therewdih.
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RESINTECH SIR-600 has a high ion exchange capacity that it is highly specmc for Cesium, Ammonia and Strontium,

when in the presence of large amounts of divalent lons such as Calcium and Magnesium. It has a unique crystaltine

structure that physically restricts its reactivity towards certain tons thus increasing its selectivity towards others.

A
.

BENEFITS
HIGHLY SELECTIVE - Order of SetectJvity o

Cs> > K>NH4 > Na> Sr> Ca> Mg

ResinTech SIR-600 is.a naturally occurring zeolite that is specially purified and backwashed free of humus, flnes and

other foreign matter.

ResinTach SIR-600 is supplied as moist granular particles with a size range essentially the same as for standard Ion

exchange materlats used In water and radwaste treatment.

* MAXIMUM OXIDATION & RADIATION STABILITY
ResinTech SIR-600 will give greatly increased lite where resin degradation due to oxidative effects such as from ionizing

radiation or secondary thermal effects from radioactive decay are anticipated such as in high temperature or highly

radioactive environments and waste treatment recovery operations.

* SUPERIOR PHYSICAL STABIIJTY
its low shrink and swell characteristics, as it changes ionic form, Insures superb resistance to osmotic shock.

PRESSURE DROP•-The pressure drop of ReslnTech

SIR-600 treating a water at various temperatures and

flow rates is shown below.
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BACKWASH-The resin bed should be
backwashed at a rate that expands the bed 25 to

75 percent to classify the bed and remove fines

generated during the loading process. The
expansion characteriat;cs at 60 Deg. F are shown

below.
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A-50 ION EXCHANGER 'Skklk; *4
Description Typical ProAUeetu^

UOP A-501on Exchanger Scrics are an alkali metal t 5( A -51-, _ _.___.... _.. - . . _ __
alumino-silicate of the'fype A crystal structure sup- Jelticle Sul tmlet ( to It µm) aleslt (20x50)
plied in the Na+ (sodium) form. Rlre openutg,s 2A mic a ^t^r 4 2A into etage

2& ir,c (Ica}^e 2 7.rt into p<age

Chemical forma/e
Na2O, • Alz0, • 2 SiO2 • 4.5 H20

Shippinp lnformation
A-501on Exchanger Series are available in powdcr
and 20x50 mesh form. Samples may be obtained
on rrquest.

Typical Application Areas
A-50 Ion Exchanger Series products are generally
highly effective cation exchangers for the removal of
small ions from dilute solutions.

Bulk I)etsiry
Asshirped 2elbs/cu.f;,- 421bs/eu.ft.

420 kglr_u.m. 670 kg/cu.m.
Hyctreted, )nu:ka! 501bs/cu.ft.

BS&I) Density 800 kr/cu.m.

(Hydrated) 42 Ibs/cu.ft.
670 kg/c:u.m.

Hlncontcnt 18-22wt.%
As shippcd 1-10 wt.%
H)<Inttcd 16-20 Wt. %

Ion Exchange
Cx(nn:ily G5-7.0 meq/gm 5.0-5.5 nxq/gnl

(anhydrous) (anhydrous) _

Regenemtion

Typically, regeneration may be accomplished by the
use of NaCI solution as the regenerant fluid.

Additional Information
Bulletins discussing additional applications of UOP Molecular Sieves are available. Call or write your nearest
UOP Molecular Sieve Sales Office.

Sales Offices
vol.
Moleeular Skx Adrorbenta
Ys P:. AIBonyuin Iload
I)ar Plaina 11.80017-50)7
(708) 881-2000

eA5TE1eN RECION
Moleeular Sia•e Adsorbent,
307 r''dlurshiP Drive
Suite 207
Mt. I.our+i, NJ 011054

MIDWESTERN AEC:IUN
Mo4eular Slaw Adwrbents
10 South Himsidu Pluzu. Suit. 22D0
ChieaBo. I l.60HMt.3RN2
(312)454-2230

MeleeularSie.e Adrnrhenlr
26111 Qwnmry Club Blvd.
SuiM fas
N. Olmatad, 01144070
(216) 734-1M)88

SOLiTpWF.STF.AN REGION
Molecular Sie.<Adwrl.uttu
13105 Nurthwat F,wway
Suite 1100
lluuaiun, TX 77040
(713) 741-2840

PACIFIC: RFd7ON
Mu)ex,ulu SNw Adrorbenu
)37AN Lewis Stroet, Suito 20]
C:arden C;roeq CA 92640
(7l1) 750-1551

CANADA
UOl' Canada, Inc..

Suite IAli(1, 444-Sth Aw. S.W.
CrAgaryt Alborta TflP 2TR, Canada
(4U1) 294-1757

Uor Canada. inc.
120 L• Bliutuu Av. F.an
Suite 304
Tornntn, Ontariq MU' 11:2. Cunudu
(41f)41111-1752
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EUROPE
UOPM.S. S. p.A.
VlaDur]ni27
2U122 Milano. Italy
39-2-7800i773

vol.
Mokculu Sio.e AdmrMno
P.O. &a 824R, FI. 2.S
nuhal l ntern atlonal'ltadc Cent.e
Dubai, United Arab Emvataa
(P71-4) 313-841

FAR EAST
UOP K.K.
Sinfapnn Rapn•seoutive Olfioe
Mn e<ular Sine Adrorbentr
101 Thomwn Road
11-05 United Squsre
Singagute1130
(65) 253-1652

UNION SHOWA K.K.
Moletatlsr S1an Adrorbenu
Sanwa Building
27d7 Harosmatsucho, 1 Chome
Minaln.kn,T^105.Japan
(Al) 3.343^7
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IE-95 MM EX^^^^^P,""tt
Oeacnptian
UOP IE-95 Ion Exchanger is an aiknli me
alumina sdirate primarily of the chabazir
type SYpplled in the mixed ioniC

(Na+, Mg++, Ca++) fofm.

Ty^tia^f^"'9 ?^,e a Re

it EYr4.^.li ui^ u

strY3otsidL Pbne G1P.mu k,
]Butk :I7e rml1
Asst.IFpr,r6

C6smiedFamn/i
(Na=Ob MgO. CaO) • AlZ03 • 4-6 Si0= • H_C)

Sbipping /nlcrmstian
IE-95 Ion Eschanger is u+'siiable in 20x50 mesh
fCr'ID. $ffit1p14S may be Ob$AICd on reLjuGSt

Regensrntian
lypioally, regeneration may be aca;aznplislzed by the
use ofNaCl soludon of the regeneaaat fluid.

kwrr,xi.

H.SA.ll Ur_xsuy JYdrawdl

MOLSn
AnSOt,

n.,..,.

^_-
Mesh CtOx50)
3.7x4.2Aand

401bslc1l.ft.
640 k6/at.m.
,e,fa/en.n.
740>I&1oll.m.
3d ibtlcu.m.
61011g/al.m.

H2O CantrM+,
As shippaf 1-I0wL X+
Hydrmaa n-n wL%

10n lixcsrangc C:atpacity 24-2.31m'9/6
(anhylirous )

Typics!App/icetioo Areas
UOP IE-95 Ton Fxahanger pmducxs havo been
fOUnd to be 6ffDctlve for reCOPCiY and at013ge C

radio-nuolides and for cation exchanga from ac
solutions.

Additions! lnformafion
Bulletins diseussing additionai applications of UOP Molaxilar Sieves are avnilable. Call or wrfte your near

UOP Molecalar Sieve Sales Office

Sales Offices
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Amberlite IRC-718 is a crosslinked macroreticular eatrl ,; I;ICC :cl A
selectivity for the heavy metal cations over the more common cl>i ^.Ir :, r,v
sodium, potassium, calcium and magnesium. This selecti ;r;_I is I:u! kr, I 5
chelating functionality chemically bound to the resin mor)- cr "l'J^er + I :aI`i
several cation active sites which coordinate with the heavy m.>trz: or a, r; ^:r
bound than the more common ions. -

HIGHLY SELECTIVE FOR HEAVY METAL IoNS-Amberlite IRC-

718 resin, by means of its unique chelating functionality,
is selective for heavy metal cations in the presence of
alkali or alkaline earth cations.

STABLE OVER THE ENTIRE pH RANGE-Amberlite lRC-718

has proven itself in both the field and the laboratory to
be stable over the entire pH range, and functionally ac-
tive over a wide pH range.

EXCELLENT KINETies-Because of its unique structure,
Amberlite IRC-718 exhibits excellent kinetic behavior,

PRESSURE DROP-The approximate pressure drop for each
foot of bed depth in normal downflow, operation at various
water temperatures and rates of flow are shown in the
graphs below. I

2
C
X
0

S

^

DS
f

resulting in low ieaka a I f n : I !ir:,
cycle. The elution of A nher]:itl lR( con -
plished typically with ;,zong ix.a li1 , s EL-
tion is very efficient and a htg.y cor.cnt., >-tl,l 1. ,ons is
obtained in the eluate. After acid el u.tion the res;.n must
be returned to the appropriate forcrr, Fz ,^n vh(- sodium
form using sodium hydro:eide)

HIGHLY RESISTANT TO PHYSICAL BREAKDOWN---ThE cross-

linked macroreticular structure of Amberlite IRC-718
prevents the excessive swelling and contracting that
fragments gelular chelating resins.

BACKWASH tHARACTERIsTits-After each operational
cycle, Amberlite IRC-718 should be backwashed for
approximately ten minutes to purge the bed of any insor-
uble material that may have collected on top of the resin.
The bed should be expanded a minimum of 50% during
Igackwash.
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' tSUGGES.TED<OPEifATINC'uCONDITION

pH Range 2.0 to 14.0

Minimum Bed Depth 24 inches (0.61 m)

Maximum lbmperature 160°F (71°C) in all forms
(In some forms the resin is
stable at higher tempera-
tures. Contact the man-
ufacturer for specific in-
formation)

Regenerant
Concentration* 4 to 15% HC1 or H2SO4

Regeneration Flow Rate 0.25 to 0.50 gpm/ft3 (2.0 to
4.0 1/hrn)

Neutralization 1 to 15% s o d i u m
hydroxide

Service Flow Rate 1.0 to 5.0 gpm/ft3 (8.0 to
40.1 1/hr/1)

Cation Exchange Capacity 1.0 meq/mI. wet resin

• See Sefe Handlieg Information Section

The relative selectivity of Amberlite IRC-718 in the
sodium form for various cations in aqueous solution at
pH 4 is shown below. Solutions containing 0.075 M
metal ions were passed through Amberlite IRC-718 at a
flow rate of 1 gpm/ft'. The quantity of metal in the in-
fluent to the column was twice that of the capacity
equivalent in the Amberlite IRC-718. All values are
relative to calcium.

Metal Ion M
K Ca

Hg++ 2800
Cu++ 2300
Pb" 1200
Ni++ 57
Zn++ 17
Cd++ 15
Co" 6.7
Fe+* 4.0
Mn++ 1.2
Ca++ 1.0

The selectivity of Amberlite IRC-718 was also investi-
gated in an ammoniacal stream (pH = 9) containing 200
g/1 (NHa);SOa. A flow rate of 1 gpm/ft3 and six times the
resin equivalent of each metal ion was used. The results
are given below

Metal Ion K M
Ca

Co" 83
Ni++ 30
Cd" 14
Cu" 10
Zn++ 3
Ca++ 1

DOE/RL-95-59

Rev.O J1 Et

PHYSICAL FORM-Attrition resistant, tan spherical parti-

cles supplied in the fully hydrated sodium form.

Shipping Weight
42 Ibs/ft3 (Na+ form) (672g/1)

Screen Grading (wet)
16 to 50 mesh (U.S. Standard Screen)

Moisture Content
69%* (Na+ form)

Swelling
40% H^ -^ Na

Apptonmate

^oaelr-eTlr

RECOVERY OF HEAVY METALS FROM NYDROMETALLUROICAL

LEACH STREAMS- Because of the ability of Amberlite
IRC-718 to function over a wide pH range, this resin can
effectively recover heavy metal cations that have been
leached from ores by either acids or bases. Elution of this
resin is extremely efficient, yielding a concentrated sol-
ution of the desired metal ion.

PURIFICATION OF PJtfICESS STREAMS CONTAINING TRACE TRANS-

moN METALS-Amberlite IRC-718 can often effectively
remove trace heavy metal cations that are present in
process streams as catalysts or process aides, without al-
tering the composition of the stream- This resin can also
remove the products of corrosion encountered in process
streams. The high selectivity of Amberlite IRC-718 for.
transition metal cations, as well as its activity over
wide pH range make it a good choice for a variety t.
specialized processing applications.
ELECTROPLATING INDUSTRY-The high selectivity of
Amberlite IRC-718 for heavy metals will also prove use-
ful in the removal and recovery of metal ions from plat-
ing baths, dragout, and rinse waters in the plating
industry. The macroreticular structure of this resin in-
sures its stability in the aggressive solutions of a plating
bath.
CNLOR-ALluu INDUSTRr-Amberlite IRC-718 effectively
removes hardness, to less than 0.1 ppm, from brine fed to
chlor-alkali electrolysis cells.

SAFE HANDLING INFORMATION-A Material Safety Data
Sheet is available for Amberlite IRC-718. To obtain a copy
contact your Rohm and Haas representative.

CAUTION: Acidic and basic regenerant solutions are corro-
sive and should be handled in a manner that will prevent
eye and skin contact.

Nitric acid and other strong oxidizing agents can cause
explosive-type reactions when mixed with ion exchange
resips. Proper design of process equipment to prevent
rapid buildup of pressure is necessary if use of an oxidiz-
ing agent such as nitric acid is contemplated. Before
using strong oxidizing agents in contact with ion
exchange resins, consult sources knowledgeable in the
handling of these materials.

Ar¢RtnsiuatmdemurkofRobmandHaaaCompnnv.orofiteaubvdianrxnraf(fium
Co panyapofipulongiaterJbttademarbu•hrnprodurtadeargnaredtbrnbyanrmar
by be Cumpnny, its aubaidiano or afFliatra.
Theae auggeatbn and data are based on infonnetion we believe to be rel®ble. They are m-
ferM in good faith. but without gumntee, as conditions and methods of use of our products
am beyond our control. We recommend that the prmpevnve uaer dolermme the suitability of
Our materida and mggeationa before adopting them on a commeraal acde.
Suggeetiona for aan of our produm or the inclusion ^f dee<npt ive matenal from patents and

B-o the citation of eperuic patentU in this publication should not be •.mderstnud as mrnmmendmg
O theuaeofourproducta ,nviolationofanyptentorarpermia+ionorlluennerouxenypatenu

of the Rohm and Haaa Company.
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TECHNICAL BULLETIN

DURAS1 L® 230 lon Exchange Media

Description

Application

Characteristics

DURASIL® 230 media is an inorganic oxide based cation
exchanger with a high specificity for radioactive cesium (Cs)
and a low specificity for such nonradioactive species as sodium
(Na) and lithium (U).

DURASiI® 230 media was designed to selectively remove Cs
radioisotopes from radwaste streams, and has been used at
commercial nuclear power plants and DOE sites. It is
sluiceable, bridges retention screens, and can be used in
systems designed for organic resins.

I DURASIL® 230 media has the following characteristics:

• High capacity for Cs
• Excellent mechanical stability
• Invulnerable to attack by oxidants such as chromates
and nitrates
• Non-flammable
• Does not shrink or swell
• Resists oil fouling
• Virtually immune to radiation damage and biological
decay
• No effect on pH of waste stream
• Low pressure drop

B-9
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Properties

Operating
Performance

Base Material
Bulk Density (dry)
Maximum Swelling (%)
Particle Size
Ion Exchange Mechanism
Functional Group
Ionic Form Shipped
Exchange Capacity
pH Range
Operating Temperature
Storage Temperature
Shipped

Inorganic Oxide
40 lbs/cu.ft. (0.65 g/ml)

0
20-50 mesh (840µ-2904)

Sodium Exchange
Acidic

Sodium
2.0 meq/ml (3.1 meq/g)

3 - 10
32-140°F (0-60° C)
32-140°F (0-60° C)

Wet

The selectivity of DURASIL® 230 media results in high media
capacity and large DFs for Cs. The graph below shows actual
operating performance of DURASIL® 230 media in the
treatment of a radioactive wastewater stream. The total volume
radwaste processed was 2,120,100 gallons with an average
conductivity of 163 µmho/cm. Other chemistry data is
presented below.

Actual Plant Data
Total Cesium Removal by Durasil 230

1wm

Average Cs Influent Activity
0 1.9E-03 µCUml

Average Cs Effluent Activity
n 7.7E-06 µCUml

Average
Decontamination Factor = 247

y ^ • • • •rBw`ime.'°P

1D^C1^ ^• ^, y er ••^w ^^/R^•1P ^ t e

^ ^'°'°s, . •` • ;> f • . . : ' ^ : i '
.

^^^^
'•A•-u•t ^:^% ^^•^^' '^^' .

^ _._.^..._ -. ._. _ . .-- -
I.o.a7

^ 50.000 ao.ooo 70.ooo

Twa+gma (Pm ,

GTS DURATEK, INC. GTS Duratek, Inc. reserves the right to alter characteristics of the
8955 Guilford Road Durasilm and Dura Cry media This technical bulletin is subject to
Suite 200 revision without notice.
Columbia, MD 21046
(410) 312-5100 DURASILm is a registered trademark of GTS Duratek, Inc.
(301) 621-8211 (FAX) DURA C° is a trademark of GTS Duratek, Inc.

•
B-10 11111ilT

iilili DUAATEK





DOE/RL-95-59
Rev. 0

^

Properties of DOWEX Anion Exchange Resins
-Tailored for Uranium Recovery

Strongly basic anion exchange resins. particu-
larly gel'lype 1, are extremely versatile products.
For this re.ason, they are widely used in various
fixed bed and moving bed equipment configura-
tions for uranium recovery. The DOWEX 21 K
anion exchange resins have optimum levels of
crosslinkage in the polymer matrix. This results
in high porosity to afford efficient adsorption and
elution of uranyl complexes.

TABLE1 --------

DOWEX 21 K Resin Properties (Typical)

Physical Form
Sphericity

Total Fxchange Capacity
(wet) Chloride Form

Water Retention Capacity
Chloride Form

Color Throw. APHA no.

Classified Density

Hard Golden Brown Colored Spheres
90% Whole Bead (minimum)
12 meq/mI (minimum)

50-58%

20 (maximum)

43 lb/cu ft

Performance is positively affected by other
chemical properties of the family of DOWEX 21 K
resins. as well. These include:

• High available total exchange capacity that
provides useful operating capacity.

• Appropriate moisture content a property
which impacts the kinetics of uranyl complex

exchange in fixed bed and fluidized bed

designs.

• RAsistance to osmotic shock due to moderate

changes in ionic form from regenerated to

exhausted state.

• Resistance to organic fouling which affords
more cycles before necessary resin
replacement

DOWEC 21 K resins have superior physical

strength with low attrition rates. In processes
where movement of ion exchange resins is neces-

sary, this high bead strength minimizes increases

in pressure drop due to bead fragmentation, and

also lessens attrition losses. Typical properties are

shown in Table 1.

Screen Size - Important 1b Productivity
In addition to the necessary chemical proper-

ties above, particle size (screen size distribution)
is important to maximize productivity. Particle
size optimization is required because of the dif-
ferences in uranium mine streams, leach liquors.
and the varying designs of the contacting equip-
ment used.

DOWEX 21 K. 16-20 mesh, resin is manu-
factred for use in resin-in-process (RIP) circvits,
high flow rate fluidized bed processes, and high
flow rate fixed bed columns. The large beads
have higher terminal setuing velocity, higher sur-
face area per bead. and good skeletal density.
Thus, they offer more resistance to fluidization
in upflow systems. Concerns about pressure drop

per square foot of bed depth are minimized in
high flow systems using DOWEX 21 K. 16-20.
mesh resin.

DOWEX 21 K. 20-40 mesh. resin facilitates a

faster mass transfer of uranium complexes in

conventional fixed bed downflow systems. The
smaller beads are durable, with the good porosity
and enhanced surface area necessary for
exchange to take place.

A few systems now in operation require a
compromise between the 16-20 mesh and the
20-40 mesh products. DOWEX 21 K. 16-30 mesh.
resin is an intermediate product that allows for
acceptable loading and elution in these designs.

B-12
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Figure 1 shows a comparison of pressure
drop versus flow rate for the three DOWEX 21 K
resin products. Some operations require upflow
in a fluidized bed and, in most cases, a backwash
is employed to classify the resin bed or to remove
particulates from the resin. The bed expansion
characterietia of the resins are important for
each of these cases. Figure 2 compares the vari-
ous sized DOWEX 21 K resin products with re-
speR to fluidization versus flow rate. Screen size
specifications for DOWEX 21 K resins are listed
in Table 2.

PhotomiQngraphs o/DOWEX 2fH Resins

FIGURE 1

Pressure Drop vs. Flow Rate
for DOWEX 21K Resin, Cl Form

Temperature 77°F

c

m

N
n

0
0

w
a

TABLE 2

Screen Size Specifications of DOWEX 21 K Resins

16-20 Mesh Resin
Through 20 Mesh (840 microns) 10% maximum
Through 25 Mesh (710 microns) 2% maximum

16-30 Mesh Resin
Through 16 Mesh on 30 Mesh 95% minimum
(1.190 microns to 590 microns)
Through 30 Mesh (590 microns) 3% maximum

20-40 Mesh Resin
On 16 Mesh (1,190 microns) 2% maximum
On 20 Mesh (840 microns) 20% maximum
Through 40 Mesh (420 microns) 5% maximum

120
c
0
^ 100
m

so

60
V ^ ^

co Yy

20

20-40 Mesh5

3 16-30 Mesh
16-20 Mesh

Flow gprtvft'
0
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FIGURE Z

Backwash Fxpansion vs. Flow Rate
with DOWEX 21 K Resin. Cl Form

Temperature 77°F
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TABLE 3

Suggested Operating Conditions for DOWEX 21 K Resin

pH Range 0-14

Maximum Temperature
Hydroxyl Form 140°F or 60°C
Chloride Form 220°F or 100'C

Minimum Bed Depth 30 inches

Service Flow Rate 2-4 gpm/cu ft (16 to 32 Bed
Volumes/hr)

Regenerdnts Dependent on the Particular
Application

Regenerant Level Dependent on Capacity Desired
Regenerant Flow Rate 025-1.0 gpm/cu ft (20 to 8.0

Bed Volumeslhr)

Regenerant Temperature Ambient

Rinse Water Requirement Approximately 50 gal/cu ft
Displacement Rinse Rate Equivalent'to Regeneration Rate
Backwash Flow Rate Sufficient to Produce at Least

50% Expansion in Bed Volume

Operating Conditions
DOWEX 21 K resin is shipped in the chloride

form. When put in service, the chloride ion is
replaced - or exchanged - with other anions.
Ion exchange resins change in size due to ionic
interaction. Consequently. they shrink or swell.
depending on the particular species and liquid
composition. The shrink or swell between the
regenerated and exhausted forms will cause a
shift in size distribution of the beads. This. in
turn, causes a change in pressure drop charac-
teristics. Table 3 summarizes suggested operat-
ing conditions.

NOTE Each facility should evaluate and
optimize its procedures to assure the most
efficient uranium recovery.

Loading and Elution Behavior
The economics of a uranium recovery opera-

tion will be influenced to varying degrees by the
loading and elution characteristics of the ion
exchange resins. Generally. large volumes of low
concentration feed liquor are passed through a
bed of resin for uranium uptake. Upon elution. a
smaller volume of more highly concentrated
effluent is obtained for further treatment and
recovery.

Minimization of capital and reduction of
operating costs are related to the choice of resin
for the system. The resin should have a prefer-
ence and a selectivity for uranyl complexes. and
a loaded resin must be elutable. These are in
addition to the properties discussed above.
Performance will also be affected by the proper
density, size, and other factors related to fluid-

EQUATION 1- CARBONATE LEACH SYSTEM

ization and pressure drop. Other considerations.

such as uranium concentration. temperature.
competing ions. impurity levels, and flow rates
will also have an influence on the system's per-

formance. In sulfate leaching systems. most of

which operate in the pH 15 to 2.0 range. it has

been found that uranium loading decreases as
bisulfate levels increase.

As manufactured, an ion exchange resin con-
tains a fixed number of functional groups or sites
that are available for use. When uranium is being
recovered from either add or alkaline streams.
four exchange sites on the resin must be used to
recover one uranyltricarbonate. or one uranyl-
trisulfate complex. This is shown in equations I
and 2. where R represents one functional group
attached to the polymer backbone.

2R2CO3 + U02(C03)34 ,- R4UO2(CO3)3 + 2CO32

EQUATION2- SULFATE LEACH SYSTEM

2R2S04 + UO2(SO4)34 ^- R4UO2(SO4)3 + 2SO42

B-14
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For a resin with a total exchange capacity
of 12 milliequivalents/milliliter. the theoretical
capacity for uranyltrisulfate would be less than

12 meq/ml. depending upon equipment config-
uration and barren requiremens.

Dow recognized that a high theoretical capac-
ity resin may not give the highest operating
capacity in an actual system. Therefore, a resin
with a higher porosity was developed. The higher
porosity increased the rate of uranyl complex
exchange and thereby increased the operating
loading. This change not only improved the load-
ing effidency but also improved the sharpness of
elution.

In add systems. the ultimate loading capacity
of a DOWEX 21 K resin is dependent upon the
pregnant liquor temperatu re. ionic species pre-
sent in solution, operating conditions, and resin
properties. Generally, heating the pregnant liquor
to 35-40°C will increase the loading significantly.
However, as the temperature of the liquor is
raised above 40"C. the improvement in resin
loading begins to diminish.

While foulants are a major cause of lower
resin loadings, the particular foulants vary from
mill to mill. However, one ionic species common
to all acid leach operations is the bisulfate anion
(HSD a). Bisulfate ions readily form at pH values
less than 3. and they compete with uranyl-
trisulfate species for resin sites.

In a similar way, uranium can also be
removed with DOWEX 21 K resin in alkaline car-
bonate leach systems. Competition of chloride or
carbonate with uranyl complexes for resin sites
can result in lower operating capacities. As carbo-
nate increases, the U308 loading declines, as
shown in Figure 3. The total loading for the 40
g/I Na2CO3 liquor was 345 g U30e/I, and for the
60 g/I NaZCO3 liquor the loading was
20.7 g U308/I.

A typical loading curve for an acid leach is
shown in Figure 4. The rapid rise in uranium con-
centration from initial uranium breakthrough to
the final effluent concentration reflects the
efficient utilization of DOWEX 21 K ion
exchange resin.

To minimize the, cost of the chemicals used in
the extraction and precipitation of uranium prod-
ucts, it is desirable to have a highly concentrated
uranium feed solution. This objective is reached
when the uranium elutes from the resin in a
sharp, narrow band. Figure 5 shows several elu-
tion curves for different conditions in a carbonate
leach system. The increase in NaCl concentration
results in a sharper, concentrated eluent.

DOE/RL-95-59

Rev. 0

Commonly used eluents include sodium chloride,
sodium arbonate, ammonium carbonate, or
some mixture of these chemicals.

Additional data on add or carbonate leach
systenu for loading and elution is available from
The Dow Chemical Company upon request

FIGURE 3

a

0

w

Column Loading from Low Uranium (0.1 g U308/1)
High Carbonate Leach Liquors

Bed Wlumes

FIGURE 4

Typical Breakthrough Profile -
D0WEX 21 K. 20-40 Mesh. Resin

09

0.7
ma

05

03

0.1

Feed Conditions:
U3O B = 1.0 g/1
SO q ` = 30 g/1
pH =1.6

10 30 50 70 90 110

Bed Wlumes
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Technical Information

TYPICAL PROPERTIES
REILLEXTM crosslinked poly-4-vinylpyridines

Appearance

Reillex'•" 402

granular powder

Reilli 425

spherical beads

Reillex" HP

spherical beads

ReillexTM HPO

spherical beads

Weak Base
Capacity

8.8 eq/kg dry 5.5 eq/kg dry
1.6 eq/1 wet

5.5 eq/kg dry
1.6 eq/1 wet

1.3 eq/kg dry
0.3 eq/1 wet

Strong Base
Capacity

none none none 3.3 eq/kg dry
0.9 eq/1 wet

Water (%) 5-7 50-60 50-60 55-65

DVB (%) 2 25 25 25

.Particle Size
(U.S. Mesh)

-60/+200 -18/+50 -30/+60 -30/+60

Bulk Density - 39.5 38.5 41.7

Average Pore
Size (A)

none 450 1000 1000

This informabon Is for guidance In the use of this product only and while the facts are believed to be reliable. suitability of this product for a panicular application should be determined by Rieu
user Comments concerning the possible use of this product in commercial applications are not intended as a recommendation to infringe on any eusting patents Every possible efforf has been
matle to insure the accuracy of the infmmahon based on research done at Re^lly Industries. Int. but no guarantee is implied or should be interred
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Ivoic I Physical Proe^:

Mesh Size, Tyler Sieve, 90% Mln. 8x24

Total Surface Area, m2/g 100

Pore Volume (Wlthin Particle), cc/g 0.225

Acid Soluble Ash, Wt.% Max. 3

Moisture, Wt.% Max. 5

Bulk Density, Ibs./ft3 40

TIGG Type MRM Is a granular adsorbent used for applications Involving removal of
inorganic and organic materials from potable and process water. Specific applications
Include removal of chlorine, fluoride, and heavy metals (Including lead, cadmium, mercury,
zinc, iron, copper, manganese, aluminium, arsenic, silver, strontium, cobalt, vanadium,
and chromium). Furthermore, TIGG Type MRM has applications for removing
radionuclides (Inciuding radiossotopes of elements above and ruthenium, plutonium, and
americium). Frequently, economical applications of TIGG Type MRM are capable of
achieveing non-detectable effluent quality.

Most applications are Initiaily piloted to determine long•term economics and to optimize
operating conditions. Pilot design data Is then used to select the most appropriate TIGG
CANSORB vessel size to apply the adsorbent. TIGG Type MRM is backwashable, If the
application requires this step.

Another grade, TIGG Type MRM - AG Is a specially prepared aquarium grade material
useful for similar applications In fisheries and fish hatcheries. This material Is usually
supplied In a 5x8 Tyler Sieve size.

While TIGG Type MRM is ususally supplied In our standard preengineered CANSORB
liquid phase modular adsorbers, It can be supplied separately as makeup when spent
beds in preexisting adsorbers are replaced. Please contact us to order plfot or
commercial adsorbers containing TtG(i Type MRM, or for ordering replacement
adsorbent.

®TIGG CORPORATION TELEPHOlJE: ( 412) 6W s^00

BOX 11861 B-17 TELEX; 2893I2 (RCA)
FAX: 412-581

PITTSBURGH, PA 15228 CABLE: TIGGCOR PITTSBURGH
u"11CeCTl lolun• TIf:O R(111TW/:EIJTpAL OPERATIONS
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APPENDIX C

DATA TABLES, DATABASE, AND SECONDARY CONTAMINANTS
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Table C-2. Cesium-137 Data, 216-B-5 Reverse Well Pilot-Scale, Run 1.
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Table C-3. Plutonium Data, 216-B-5 Reverse Well Pilot-Scale, Run 1.
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Well (Influent)
Before Bag

Filters
After Bag Filters

^^
Lead Clino Column Effluent Second Clino Column

. . . .
System

Date Bed Volumes < Sr (pCI/L) < Sr (pC7/L) < Sr (pCUL) Rem. Eff. < Sr (pCI/L) Rem. Eff. < Sr (PCI/L) Rem. Eff. Rem. Eff.
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-

46 10
- -- - -- --
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-

16.7%
-- -- ----

56
- -

98.5%
__. -- ---

48.6 13.2%
-

98.9%
13-Apr-95 227.83 4890 - -53.2 ------- -98.9% - 28 47.4% 99.4 %
17-Apr-95 354.15

- -4100 - -
4380 --- - ----_4290 ---- - - 136 -- -96.8 %

-78. 6 - 42.2% -- ----98.1 %
19-Apr-95 424.68 4820 4790 289 - -94.0% -29.3 89.9%

- -99.4 %

21-Apr-95 574.57 5380 5130 440 9 1.8% 47. 7 89,2% 99.1%
24-Apr-95 697.90 5 1 80 298 94.2% 57 80.9% 98.9%
26-Apr-95 840.08

___
5690 4 810 15.5% 387 92.0% 51.7 86.6% 99.1%

28-Apr-95 966.98 5440 4880 10.3% 631 87.1% 59.5 90.6% 98.9%
1-May-95 1015.85

___
4930 5300 537 89.9% 57.6 89.3% 98.8%

3-May-95 1145.78 5260 4970 -
5.5% 641

--
87 .1%_

---. --.
67.3

..

89.5 % 98.7 %
5-May-95 1280.52 5340

^------ ---
4550 14.8% 828 81 8% 106 87.2% 98.0%
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___
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- 4.8%
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_ 1±
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00
0

85.3%
84.6%

76.7%

81.4%

82.5

101
128

128

88.3%

86.9%

88.4%

86.4%

98.4%
97.7%

97.6%

97.3 %
17-May-95

19-May-95
1755.08
1850.51

5210

4980

5070
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2.7% 1 934

998

81.6%
80.4%

117

134
87.5%

86.6%

97.8%
97.3%

22-May-95 2146.95 6410

_
4670 27117 2230 52.2% 589 73.6% 90.8%

23-May-95 2410.22 4160 2060 50.5% 741 64.0% 82.2%
24May-95 9.39 4140 - ------

L

2240 45.9% 984 56.1% 76.2%
25-May-95 2964.66 4130 3990 2710 -^---32.1 7 1080 --60.1 % 73.8%
26-May-95 3198.00 3600 3740 258-0 31.0% 1160 55.0%

_

67.8%

DUPLICATES

11-Apr-95 94.38 4740
^26-Apr-95 840.08

-- ---._. _ .. --- ----- --- --- -
I

_ ------: 4950 -- - ---, ----- ----

5-May-95 1280.52 785 I
12-May-95 1567.44 . ,i '. 964

. __ .

19-May-95 1850.51
, __.. -_.

885
._ . - . .__----

24May-95 2689.39 2390

OFFSITE LABORATORY RESULTS

11-Apr-95 94.38 4410

5-May-95 1280.52 4690 T! 784 ^

19-May-95 1850.51 4450 ^
_^ -871 -

I
- -

AVERAGE VALUES

AVERAGE VALUES 4896 4785 4676 11.1% 980 77.9% 267 74.5% 93.8%

^
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Table C-5. Cesium-137 Data, 216-B-5 Reverse Well Pilot-Scale, Run 2.

Well (Influent) BefonBagFiltars _AfkeiBagFi7lers
Lead Cilno Column

EfJlutnt

Seeond CJino

CoGmw BJpuent

.a^ Dale Bed Volumes <
Cs-137
(pCUL)

Cs-137
< (pCI/L) .' ^

< Cs-137
(pCI/L)

Cs-137
(pCI/L)

Cs-137
< (pCI/L)

11-Apr-95 94.38 1380 3000 < 59.1 < 56

.13-A -95 227.83 1 450 < 59.9 < 61

"'1T^Apr-95 354.15 1400 626 280
._-__.

< I, 59 58.9

19+Apr-95 424.68 1530
-------- ---

1360 ,
- -

-_._-

21-Apr-95 574.57 1490 1430

- - -

60.9
..__-

57.6

24-Apr-95 697.90 1620
. _ - -

-

1440

^
--- -

-< - 58 - -
-- . . - -- --- - -. .

26-Apr-95 840.08 1600 ,
^

1390
.----

< 60.2
__ .

< 59.3

.28-A r-95 966.98 1560.. -- ---- - ----
1360

------
< 58.2

----___
^^.
^-

01-May-95 1015.85 14 80
-----

1470 _.__-_< 57.1 __.

---
03-May-95 1145.78 1760 1430

05-May-95 1280.52 1420 1500

- -

< 58.7

08-May-95 1322.71 1630
-

- - ^-- ^^^^ -^--- ---^^

10-May-95 1451.98 1570
--

^
--

^
-

- --^

12-May-95 1592.89 1530 1590
^ -^----- -- -< 60 8

^:. 15-May-95 1646.13 147
--- -

17=May-95 1755.08 1540 -^--^

19-May-95 1850.51 1530 1500 < I 57 .6

22-May-95 2146.95 1820
- -

^-^

1720 < 58.2 < 56

23-May-95 2410.22 1510
- -- - -

^^--^-^--

24-May-95 2689.39 1420

^

^- - -- -< 60.2 - --- - _.

25-May-95 2964.66 1360
------- -- - - - -

.._-

2ti-May-95 3198.00 1310
- --

1300
---

< 60.6

^ DUPLICATES

11-Apr-95 94.38
----26Apr-95 840.08

-_- - ----
1460

^..: 5-May-95 1280.52
---- ----< ^ 59

-
.4

_

^. 12-May-95 1567.44 . .. ---- - -

19-May-95 1850.51
~- _ _ ,

58

2414ay-95 2689.39 < 69.9

OFFSITE LABORATORY RESULTS

11-Apr-95 94.38 1510 i

5-May-95 1280.52 I550

19-May-95 1850.51 1370 < 4.75 ------

AVERAGE VALUES

-AVERAGE VALUES 1457 1214 1322 < 59.1 < 58.5

RL93-59. W51/A2 C-7



Table C-6. Technetium-99 Data, 216-BY Cribs Pilot-Scale System.

--82.6

Before Filter . After 1alter^^ Lead ColumnEfJluent Polishing;Column Effluent ' System

Date Bed Volumes < Tc-99 (pCi/L) < Tc-99 (pCi/L) < Tc-99 (pCi/L)
Remov°[
EfficiencY

< Tc-99 (pCi/L)
Removal
EfJiciency

Removal
Effuiency

26-Jan-95 251 4250 6600 118.0 98.2 %
1-Feb-95 306

.____
5470 5090 < 60.9 98.8%

3-Feb-95 380
----------.

5110
.-- ------- ..

4720
-
<

-- ---- ^
67.9

- ---
98.6%

- --.. . _-___ ..- -- - -

7-Feb-95 544 6180 5910 < 79.4 98.7%

8-Feb-95 582 6770 < 98.8% -< 82.3 ^---- -^^ --- ^---04% 98.8%

9-Feb-95 619 8860 7030 < 134.0 98.1%

15-Feb-95 703 10100 9230 317.0 96.6 %
17-Feb-95 750

. _ . _ ._-- - -- _ . _
9770 211.0

- ...------
97.8%

-- --
3 52.0

--------- - -
96.4%

22-Feb-95 874 9280 8310 <
-._.

92.4 98.9%
..-.-----

23-Feb-95 907
. _-_--- ^ ---- .. -

9860 <
__ -
102.0

_ _----
99.0%

-
113.0

-- . . _ - ---- -
98 .9%

27-Feb-95 1054 10200 9980
-- -

196.0
---. .---^

98.0%
--- - ---_ . . _ _ ----- -_. - ____

1-Mar-95 1118
.-_ __

9520 <
. _----

89. 1
------
99.1%

-. _ .-
160.0

_ -- -- __ ..
98.3 %

3-Mar-95 1187 9930 9640 177. 0 98.2 %
" 6-Maz-95 1293

.-- ---
93 10 <

---
82.6

-
99 .1% <

_---
87.2 vv i%

^."10-1dar-95 1426 10900 10700 < 81.0 99.2% •
w
13-Mer-95 1533

- -- - - -
99 80

- - -
269.0

-
97.3%

--
442 0

-- -
65^

17-Mar-95 1674
-. ..--

10600
----
10700

--- ^ -
11 2.0

---- -
99.0%

-- --_ . - - - ----
39. 6 %

- . _ . _ .

- 24M81+95 1797
_- . _- -^ ---

^ 10900
--
<

- -- -
67.2

-- -
99.4%

- _.
<

_ ---
67.7

--.. _ .

30-Mar-95^^ 1797 11200 -^-^ 10100 1 44.0 98.6%
54pr-95 1898 ^ 9920 206.0 97.9 % 200.0 2.9 %

----
98.0 %

`10-Apr-95^ 2006
---

10500
--._

9320 < 14 6.0 98.4%
12-Apr-95 2080 10700 < 160.0 98.5 % < 158.0 1.3 %

---
98.5 %

19-Apr-95 2217
-- -

108 00 9630 271.0 97.2 %
21-Apr-95 2283 10800

^
162.0 < 83.8 48.3%

26-Apr-95 2372
----- ..

8910 . ^^.
-_----._
9030 188.0 97.9%

.____._ _

28-Apr-95 2440 I 10000 < 166. 0 98.3 % < 138.0 16.9 % 98.6 %
4-May-95 2549 8130 11300 271.0 97.6%

16-May-95 2782 9830 9760 700.0 92 .8%
__

18-May-95 2821
_ __ . .
6960 8430

- -^ ---_..
342.0

.. _._- -
95.9%

- .
< 84.8

---- ---
75.2%

----
99.0%

Offsite Laboratory Results
4-May-95 2549 10500 251.0
18-May-95 2821 8590

n

c

%

.



Table C-7. Cobalt-60 Data, 216-BY Cribs Pilot-Scale System

Date 1 Bed Volumes { <

26-Jen-95 251

1-Feb-95 306

3-Feb-95 380

7-Feb-95 544

8-Feb-95 582

9-Feb-95 619

15-Feb-95 703

17-Feb-95 750

22-Feb-95 874

23-Feb-95 907

27-Feb-95 1054

LMar-95 1118

3War-95 1187 ^--

6±11ier-95

wiQ.Mer-95

1293

1426

13Mer-95 1533

12-Mar-95 1674

24Mar-95 1797 ^

30-M9r-95 1797

5-Apr-95 1898

10-Apr-95 2006

f]

12-Apr-95 2080

19-Apr-95 2217

21-Apr-95 2283

26-Apr-95 2372

Before Filter AJi'erPflter Lead Column Effluent Polishing Column EI

Co-60 (pCi/L) < Co-60 (pCi/L) ^^ < Co-60 (pCi/L) ^ Removnl
< Co-60 (pCi/L)

EfJttiency

95.5 92.1 < 40.7 55.8%
.----

92.2 100.0 < 40.7 59.3 %

1330 56.3 < 36.6 35_0%

158.0 124.0 < 42_1 66.0%

111.0 < 37_8 65.9% < 38.9

136_0 157.0 < 37.8 75.9%

142.0 146.0 ND

172 . 0 < 40.7 7 6.3 % < 41.7 ^ -- ^

147 .0 183.0 37.7 79.4%

1 73.0 < 42.7 75.3% < 39.6
-

187.0 126.0 < 37.4 70 .3%

1 70.0 < 41 .8 75.4% < 41. 0

166.0 186.0 < 43.1 76.8%
- - - - ^- -_

169.0 < 33.4 80.2 % < 35.8
..- --- -- -- --_ -- ---- --L___ .._

185.0 176.0 < 41.4 76 .5%

7.3%

1.9%

167.0 < 42.4 74.6% < 35.0 17 .5%

1 47 . 0 150. 0 36 . 6 75.6 % 100.0%
__^ ---- --- -^- -- -- -._- _ .

187.0 < 40.0 78 .6% < 40.6
- -- -^- -- - - -.__. _._- --. .

169.0 163.0 < 36. 6 77 .5

system

Removal

75.8%

7 7. 1%

75.9%

78.8%

79.0%

100^

-. _. _ ._..--
157 .0

. ..-----
< 36.6

-.._ .---
76.7%

-. ...
3 7.8__ ._- ---- - ---

75
-
.9%

-
145.0
-

,
165.0

- -
<

_
39.2
--

76.2%
-- _- - _- _ - - _-

i
170. 0 < 41.4 75. 6% < 42.7 74 . 9%

_

169.0
-- ------ _

172.0
_^- _. _--

<
- -

41.1
- ---..

^

76.1%. .--- - ^ --- . __ -.. __... . __
161.0 < 437 < 39.6

^
9.4 % ---.-

157.0 1 66.0
- -

< I. .- 36.6 78.0%
-

-
I

-_

-

--- -- - -,
1 78. 0 38 .5 78.4%

^
<37.8 1 .8% 78 .8%

4-May-95 2549 202.0 1 8l 0 < 42 .8 76.4 %
.._._--

16-1118y-95 2782 197.0 -- - 150.0
-

< 32.0
.__.- .

78.7 % ' . - -
1&May-95 2821

-- ---- ----
177.0

.. - _
^ --

161.0
-

< 43.7 72.99,
_

<^ ^ 35.0
--

19.97
-
78.3%

Offsite Laboratory Results

4-May-95 2549 168.0 < 10.5

18-May-95 2821 147.0

i^

2 ^^ i.

^s



IIEIS It DATE LOCATION PORT Anions, mgJl (ppm)

Alkalinity Cl- F- N03 SO4'

BOFBN6 11-Apr-95 Extraction Well AC-1 1 01 18.4 0.26 2 30.4

BOFBN7 11-Apr-95 Bone Char Effluent SC-55B 103 19.2 0 18 2.1 30.3

BOFBN8 11-Apr-95 Lead Clino Effluent SC-62B 103 19.3 0.2 2. 1 29.6

BOFBN9 11-Apr-95 Second Clino Effluent SC-68B
-
108 19 ^ 0 22 2 . 0 8 29.8

BOFJFB

BOFJG2

5-May-95

5-May-95

Extraction Well

Before BagFilter

AC-1

AC -2A

ttt
±---

103 18.9

102 18.4

i

0.38 2.18

0.37 2.01

29.5

29.2

BOFJGO 5-May-95 After Bag Filter AC-3 102 5.54 0.43 4.6 62.1

BOFJF9 5-May-95 Lead Clino Effluent SC-62B 102 18.2 0.35 2.15 29.1

BOFJG1 5-May-95 Second Clino Effluent SC-68B 103 18.3 0.36 2.08 29.1

SOFIS2 19-May-95 Extraction Wellrr AC-1 104 16.5 0.39 2.23
--

27

BOFL54 19-May-95 After Bag Filter AC-3 103 I 16
--'

0.4 2.08 27

BOFL55 19-May-95 Bone CharEffluent ' SC-55B
-- -1-04- -15-.9-- 0.38 2.09 26.6

BOFLS3 19-May-95 Lead Clino Effluent SC-62B 104 I 16.4
-

0.3 7 2

BOFL56 19-May-95 Second Clino Effluent SC-68B - -104 I 16.2 0.38 2.12 2 7
-

i
-

Duplicates Duplicates
BOFBN6 11-Apr-95 Extraction Well AC-1 102 17.8 0.28 1.98 30.4

-
BOFJG2 5-May-95 Before Bag Filter AC-2A 103 18.4 0.37 102 29.3

BOFL52 19-May-95 Extraction Well AC-1 104 15.9 0.4 2.13 26

^

n
80

to
in

0

0
°

C7

rn
^

^

O

7y^
< E"

^

^



p

E

n

XRIS / . DATB LOCATION PORT . .... CaNoal, ag/l (ppbl ' . . . .; . _ :

BO C6
80FE67

27-Apr-95
27-Apr-95

Raw Clita
Raw Clitw Duplicate

Resin

Resin

Ca

8658000

9750000

Fe
2667600

3174600

Mg
1825200

2004600

R

18720000

17550000

i Na

16224000

IG068000
13416

17004

Al
14508000

15132000

Gh Bo '
1248 140400

3744 { 139620

• Bt'

858

I014

' Me--4

213720

265200

BOFBN6 11-Apr-95 Extraction Well AC-1 28300 85.2 9140 5560 j 22600 70.6 --- - -

^

`
BOFBN7 11-Apr-95 Bone Char Effluent SC-55B 2810 I 117 9470--

- _

4960 24500 45.4 -
f

I-- --
BOFBNB 1 I-A Pr-95 Lead Clinn EBluent SC-62B 3210 170 -f 9940 1180 -'54000 -- -^32 I -- - ^ --
BOFBN9 1I-Apr-95 Second Clino Effluent SC-68B 2790 372 2350 1180 - 707 00 363

_
I -- - ^ -

BOF1F8 5-May-95 ExtraCUan WeII AC-1 30400 93.5 9700 7610 24000 838
80F162 5-May-95 Before gag Filter AC-2A 29800 1990 9540 ^ 7040 23300 1I20 3b5 ^ 36
$OFJGO

BOFJ
BOFGI'
x^^a.

5•Mey95

5•May-95

5-Ma•95
.,....

After Bag Filter
Lead CB9u EBueet

SecouAClin6EfllueW
_' . .

AC-3

SC-62B
SC-688

29600

29300

29500

225
201

119

9460

9550
9430

6630

7380
6130

23200

24100

24300

63.2
27.5

22.9

23.6 I S 7 ^--^

19-May93

k9-Ma -95
Extraction Well
After Bag Filter-

AC 1
-AC 3

30300
30800

88 i
78.7 --- I

9460

- 9780
6930
7770

23100
24000

109
684 -

:: 19-M -95 Bane Char EB1uNII SC 558 31400 1200 ^ 9960 700 24400 -- 168
^

-- --
.BOFL`{8 19•MayA3 I,.qd Clino EfBuent SC-62B 30800- 226 9810 8500 24100 69 6 -
90J?bS6 1. Seco06CIhItlEfllueOf SC-68B 304 00 338 9760 8 730 24800 37.8

^

^
^

n
60

IJ

b7

tn

^
<
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Table C-8. 216-B-5 Reverse Well Secondary Contaminant Data. (6 Sheets)

S®pw ColledeA 411195

® Extrection Wcll n Bone Char EHluent

q Isad Clino Effluent 0 Second Clinu Effluent

^oaao ^ i

]uaoo

IOOOY

C.......
^

C w
0

Suvplce CoI1MM 5/5/95

AaaO

600°° ® Extrection Well n Before Bag Filter 0 Atter Bag Filter

0 Lesd Clino Effluent 0 Second Clino ErBuent

9 ^

mooo

iaaoo

NI{ K N.

Snvpler Copa]W 5/19/95

A000

6oa00
®Extraction Well ®At1cr Bag Filter n Bone Cher Effluent

59009 ^ Lead CBno EQluent 0 Second Clioo Effluent

$

f°p

2TU ^

wlT q TS
.... .

. .

/µ x w
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Table C-8. 216-B-5 Reverse Well Secondary Contaminant Data. (6 Sheets)
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Table C-8. 216-B-5 Reverse Well Secondary Contaminant Data. (6 Sheets)

&mpIee couaAw 515/95

^
^

^

Semplee Collsmd 5/19/95
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Table C-8. 216-B-5 Reverse Well Secondary Contaminant Data. (6 Sheets)

S®plu Copp.Yd 4111/95

4.5

CBno Effluent 0 Second Clino Effluent
ss

x.s

x

s .C SJ<

^ .^

0.5

0

N03

s^w Con>vm s/sros

..s

III Extraction Well n Before Bag Filter

13 After Bag Filt<r O I<ed Clino Effluent
ss

0 Second Clino Effluent

x.s^

u x

I.5 ^g Zy

os

M

NOx

Smryln CoOeded 5/19/95

5

4s
Well ®Atter Bag Filter n Bone Cher E[Iluent

^ Lead Ctino Effluent 05ewM Clino Effluent
as

15

x

13

•••:°^^os

H'aa

NOJ

RL95-59. W51/A2 C-15



n
rn

^Anions

HEIS M DATE LOCATION PORT mg/l (ppm)

Alkalinity Cl- F- N03 S04

BOFJK8 4-May-95 Before Filter BV-31 72.4
--

43. 3 95.7 346
- ,_

BOFJK9 4-May-95 Lead Column Effluent BV-53B 74.4 44.4 98.3 353

BOFJLO 4-May-95 After Filter BV-51A 72.4 42.1 4 97.2 348
----

- ----^- - ----I ---
----`

BOFL57 18-May-95 After Filter BV-51A 79.6 37.2 0.66 96.3 332

BOFL98 18-May-95 Lead Column Effluent BV-53B 38.4 <0.50 99.5 339

"-`,;.. .., ... : . . .... licates°..a
$"$QFJK8 4-May-95 - Before Fittar BV-31 76.4 42.5 0.65 9Z7 348

BOFL57 18-May-95 After Filter BV-S1A 79.7 37.6 92.2 332

^^ ^ Calfdns `

# DATE LOCATION PORT ug/i (ppb) f;

Ca Fe Mg K Na Zn Cu
'"BOFIK8 4-May-95 Before Filter BV-31 200 000 299 ' 58300 12500 48600 199 25.9
BOFJK9 4-May-95 Lead Column Effluent BV-53B 202000 74.5 59100 13200 49500 93.6 1 4.7
BOFJLO 4-May-95 After Filter BV-51 A -205000 333 ,-

59600
--_.-----'

12600
-- -

50000
^

162
---

27.9

BOFL57 18-May-95 After Filter BV-51A 201000 489 58700 13500 49600 128 14.2
BOFL98 18-May-95 Lead Column Effluent BV-53B

-3

^
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n
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rn
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Table C-9. 216-BY Cribs Secondary Contaminant Data. (4 Sheets)

Sampla Coll¢ICd 5/4/95

^

.`E

^

Sampla Collaled 5/18/95

^

.2

U
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Table C-9. 216-BY Cribs Secondary Contaminant Data. (4 Sheets)

Szmplss Colleaed 5/4/95

Samplcs CollateA 5/18/95

RL95-59. WS I IA2 C-18



^
DOE/RL-95-59

Rev. 0

Table C-9. 216-BY Cribs Secondary Contaminant Data. (4 Sheets)

Samples Collceted 5/4/95

Ep

8

Sxmples Collectcd 5/18/95

Ep

tl

5x

RL95-59. W51/A2 C-19

Alkalinity CI- F. N03 S0<

Alkalinity Cl- F- N03 S04



0

?_<
4dsorbent & Dose (g/L)

Residual Pu
(pCi/L)

Pu Loading
(pCUg)

Residual Cs-137
(pCi/L)

Cs•137 Loading
(pCi/g)

Residuat Sr-90
(pCi/L)

• '- Sr I oadin
(pCi/g)

Initial Conc. 20 3424 11400

Clino (AmRec) 0.2 22 0 232 11590 6282 25590

Clino (AmRec) 0.5 18 4 115 4870 4265 14270

Clino (AmRec) 2.0 23 0 17 1267 1861 4770

Clino (AmRec) 20 15 0 12 127 620 539

Clino (Resin Tech) 0.2 1480 5350 8690 13550

Clino(Resin Tech) 0.5 662 3776 6960 8880

Glino(Resin Tech) 2.0 219 1166 2770 4315

^o (Resin Tec6) 20 20 127 332 553

Bod^ Char (RT) 0.2 16 22 9900 7500

BoneChar(RT) 0.5 7 27 9520 3760

BoneChar(RT) 2.0 I 10 7690 1855

BoneChar(RT) 20 0 1 1040 518

Bone Char (TIGG) 0.2 13 35

Bone Char (TIGG) 0.5 7 26

Bone Char (TIGG) 2.0 2 9

Bone Char (TIGG) 20 0 1

IRC=718 0.2 12 39 2500 250 10400 5000

IRC-718 0.5 10 21 2520 60 9480 3840

IRC-718 2.0 13 3 2290 130 4430 3485

IRC-718 20 8 1 92 123 5 570

^
c
^

n

0

0

.n
K

^

C

m̂

CJ

^
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^
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<
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rv

^

O

^
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^
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Table C-11. Batch Equilibrium Test Data, Dowex 21K (216-BY Cribs).

Adsor6tntd Dose fg/LJ
Resldual Co-60
,01z (iwa -A .

Pu LoaaBngn
,l _a

Restduul To-99

fPr-M)"

Tc-99 Lauding

Initial Conc. 29 1480

Dowex2lK 0.2 19 51 487 4965

Dowex 21K 0.5 0 58 195 2570

Do^¢at21K2..0 8 10 55 712

21K' 20" < ^=Doweac 46 0 4 74

Table C-12. Clinoptilolite Flow Through Column Test Data.

Red

Volumes

CumBedz

T?olames
Sr90 :

(PQitl) Efflcrency
0 0 11400

104 104 73.6 99.4%
64 168 88.3 99.2%
112 280 154.6 98.6%
17 297 242.9 97.9%
66 363 279.7 97.5%
136 499 647.7 94.3%
25 524 1067.2 90.6 9,
47 571 1435.2 87.4%
111 682 1023 91.0%
86 768 1369 88.0%
64 832 1346.9 88.2%
44 876 1361.6 88.1%
47 923 1361.6 88.1 %
50 973 1567.7 86.2%
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Table C-13. Isotherms. (3 Sheets)
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Table C-14. Strontium-90 Isotherms.
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Table C-15. MCT-1 Analytical Data.

- - -

mI

Jj=l = =

^

a' >

l

>

r >R.:
^

8.
. e l^ rr $ ° m ^ ., 8 8 g ^8 R ANr

R
«

R.. ^ ° $ $

Ig, - ^ °

v

^i

:.a: r'^r r.r r r ^

a, , >>

I

> a )

O

^ I

p I

I^il Q.a I^IQ ln la alI

I Z

r l I 1 1 1

IP la lV
II I i

a r l>
1 Y I>

^a > ^

I

r r r ^ > > > .

R'^ ° &'_& jS.S II ^ R S..S R R $ S ^,S r ° ^ S

F

^

S M ^ g ^ ^ a ^ a ^ ^ ^ ^ ^^ ^ a s 9W

- - - -_ , .

RL95-59. W51/A2 C-26



DOE/RL-95-59
Rev. 0

Table C-16. MCT-2 Analytical Data.
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Table C-19. Mini-Column Test 1 Analytical Results.

Bed Volumes

Treated

Tc-99

Feed

(pCi/L)

Tc-99

Effluent

(pCi/L)

Removal

Efficiency

Tc-99 ( ^)

Co-60

Feed

(pCi/L)

CofiO

Effluent

(pCi/L)

Removal

Efficiency

Co-60 (%)

205 9,010 125 99 146 43.1 70

820 10,900 656 94 146 37.4 74

1,435 8,880 90 99 160 38.5 76

2,050 142 41.4 71

2,460 9,960 725 93 162 37 77

2,870 11,300 1,100 90 160 42.7 73

2,993 10,700 1,350 87 156 40.7 74

3,050 10,800 1,560 86 142 41 71

3,100 10,600 1,660 84 174 32 82

3,550 11,400 3320 71 164 39.6 76

3,755 10,600 4170 61 151 35.4 77

3,895 11,300 4900 57 167 39.2 77

4,042 10,900 8880 19 171 39.3 77

4,141 11,100 8140 27 155 39.6 74

4,264 10,500 7400 30 166 41 75

4,387 9,890 7840 21 160 41 74

4,526 155 38.9 75

4,674 10,900 7980 27 135 40.3 70

4,858 9,620 11200 -16 182 33 81

5,043 10,500 6710 36 162 42,1 -^ 74

5,207

5,395

5,576

10,900

10,700

10,800

10400

12800

11000

5

-20

^-2

166

154

166

38.1_

37_4

-35.8

_

77

t
76

78

5,740 6,440 12500 -94 166 34.6 79

5,900 8,760 6540 25 149 36.6 75
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Table C-20. Mini-Column Test 2 Analytical Results.

Bed Volumes

Treated

Tc-99

Feed

(pCi/L)

Tc-99

Effluent

(pCi/L)

Removal

Efficiency

Tc-99 (%)

Co-60

Feed

(pCi/L)

Co-60

Effluent

(pCi/L)

Removal

Efficiency

Co-60 (35)

205 9,010 84 99 146 38.5 74

820 10,900 696 94 146 39.6 73

1,435 8,880 97 99 160 43.9 73

2,050 142 38.5 73

2,460 9,960 840 92 162 38.5 76

2,870 11,300 677 94 160 38.5 76

2,993 10,700 2,040 81 156 37 76

3,050 10,800 2,200 80 142 42.1 70

3,100 10,600 2,230 79 174 43.1 75

3,550 11,400 4,040 65 164 39.6 76

3,755 10,600 4,520 57 151 38.5 75

3,895 11,300 5,310 53 167 38.5 77

4,042 10,900 6,970 36 171 37 78

4,141 11,100 7,380 34 155 35.9 77

4,264 10,500 8,140 22 166 39.3 76

4,387 9,890 7,000 29 160

_

41 74

4,526 155 36.2 77

4,674 10,900 9,510 13 135 39.6 71

4,858 9,620 433 95 182 37.4 79

5,043 10,500 7,930 24 162 46 72

5,207 10,900 10,000 8 166 37 78

5,395 10,700 12,100 -13 154 38.9 75

5,576 10,800 11,600 -7 166 33.4 80

5,740 6,440 11,000 -71 166 38.5 77

5,900 8,760 8,150 7 149 37.4 75

RL95-59 W51/A2 (-`-31



^
x
^

^

7

rn ^

T O T

> V1

u3 co

Q N
0

a.

U
^

A 04E1 A 0504 A 4'61

A 09Ei A 0[ZE A 9'6Z . .... . ^ ..:. . . . ": ., , °:. ." .° ^.:...,.....:::.. ..:...=L.: .,. , ..kk D.. ^ ^ ,.,.. .:._, .. .. .,. . »„ ..... . . .. :. . . . „ ,
A 0£4I A 0I04 A 6'9Z

A 06EI A 0bE4 A 9'44 SUM

A OOSI A 0£44 A WE ri;..».,S'££ ,,...,,. .. r . , . ,.: .,., ... ... . .. .

A OLbi A OI44 A S'Z£

A OZZ A 048E „ ku . ..
....;::.»:..:... ... ku, :kee.. .. ,: ,. .'0£ :«l.>.:'..:...: tt:;>... a..

A OSTT A 096E A
,...

4'SI :a .:t^ x. .::.:......... .. .. . . .. ..
A O1701 A OEL4 N OI ,.., ,...^
A OIZI A OZSE N S'I£ . ... .:. .,:`, n .. •.. . .. „:...:.
A OSZI A 06L£ A

s^

L'£I ii.i;•EF.w?K::..:..i:q ^`'.'a'SAgIFT:i.:..:^.::..: ^.,.:..::k^.:ir ;::.`.:..4, .ti.'•^Y..:. i, '.^^ .:L^i^[£§,lF"^`',

A 0611 A WE A
,a

91 ^:, ^:`;.< r «S

A 01£I A Ob6E A b'91 ;^:: i:^<:`.$^...`........_ ............. .^....._...._._._._............._._..........

A 004I A 068£ A 9'bI .^

A 0041 A 068E A S'EI ^(,=,..:a5('R'i1:^^^,,.,

A 09ZI A 006E A 6'5 I ,a^. ..,..^£^:_.._..._:.:>:

A OLII A OSZE A ,.,4'S[ ;^^.:ai`s^^.,,,..a .

A 08£I A OSOb A
:««: .r . .«..a .

.. _ :^:inE'SI ^:..,.:.m:: :'a:`.^„^.'.,€Ca„_

A 08£I A SSEI N
.. :s c . . ... .... . .. ..:.... .. . . . .

Ll'S ' . .... ::. ..::a:...;:,,;

A OLZI A 018E A
..

9'LI ^^^x::::c:^'^,'^E1^>, . , . ..:..,.

A 00£l A OLOP A «. . k.. .:^.4'Ll . .. . .. . .. . :::'::^h..':'': ..; ,.,:,., ..._; :.:....: ... . . . - . `:,. . . ,.. . , x:
A OEET A OSO4 N E6'S s?^F:;.<..::e^:'. ^,'i: ;.;:<;:.. ,:.
A OLZT A 0804 A . .: , .81 ^....,. . :., ^? :.«. .. , .,, .. :: . : .. .... .. . . ..... . .: ^ . NO .: : .. .

A 00bI A OZEb A
.. . ., .<.b'LI :^?:. a^^ . . t;,^.

Z

Q:..` .. :..:Yat^ ..,; ; ;..,..:.:.. :.... . . ^,... .:
A 00£I A 0£14 A 9'9I

A 00EI A 008£ A Z' S I ,..: ,,:.a.. . ,. , .
A UT A 89£ A

,,k., .>;.. ..:^.
.

,. .£'SI ._., .... ........._.._._,: .....a a . -

A Ol£I A OE9£ N 8Z ..:r.'w.. ..< ^^:..,..._?...:,..::...:....:....r^;.

A 00£I A WE A 6'6I

A 0££[ A OSLE A ... :^» ^.^.9'9I ::n::i;........ .... .. ..,. ......................................... .. .:... .................... .. ^n.::.::.:;....,x.>.

A 09EI A 08L£ A 4'171 k,,.. . . .. , . ^

A 014I A OEZ£ A Z'91

A 09£I A 099£ A S'ST

A OS£I A 082E A I'91

A 0I4I A OC04 A S'LI

A OLS[ A 0054 A 4'LI a............^.. b . . ...; .: tr: . .. .. . . . .

A

>.... .... .....

OUT

. . .

A

. . ... .......

09517

x

u............t. ..v

A

^. .. .:o.a: .

S'II

=' _

^ . : .

N

C?
U



^
^̂

It

a, a

Cl O

N

O "
Q

N

C.7
U

F

M
t+l

U



N
^̂
^
-IT

O+

v y
Q^ O T

W ^ U

a

V
^

F

M

U



n
w
^

^
C)

It
0

w ^
rn ^^
cn <

ry

A

^̂
y



-^
^
^

n
N

n
^

ro
o_ ^
v^ O

m ^

N

N

ry

A

rA

r̂v
ti



r

n
w
J

m`

^

b

w. Ci7

N ^

^

ry

N

A

H

^
ŷ



^̂

N

0.i

h y

O^i O T

W ^ c`di

A o

N
N

^

Â
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Table C-23. BY-Database (Picocuries). (4 Sheets)
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Table C-23. BY-Database (pCi). (4 Sheets)
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Raw C[inoptilolite Clinoptiiolite Spent Resin

HE/5 N: BOFHG6 BOFHG7 BOF786 BOF821 BOFN93 BOFN94

DATE: 34816 34816 21-Mar-95 23-Mar-95 9-Jun-95 7-Jun-95

LOCATION: As Packaged Duplicate Lead Clino Column Mixed Bed Column Bone Char Column GAC Column

Units: microgram contaminant per gram resin (ug/g)

Al 18600 19400 165000 5420 733 501

As 3.4 7.3
--------

3.4
-_.___ .-

2.7
_- --__. ._ 2.8 4.2

._..__ -_. .__;----_-
Ba

-- ---
180 179 317 106 133 21. 7

Be 1.1 1.3
-

1.1
----

0.64 0.9 2

F;^.Ca 11100 12500 19200 107000 237000 1050

?, ^ Cl - 2.66 5.25 -- --

_°, Cu 1.6 48 2.8 11.6 27.8 152

"f""Fe 3420 4070 3840 2120 3540 3080

,1 Pt --- 2.11 2.74 2.54

=^Hg --- 0.08 --- 1.1 ---

% 24000 22500 20500 12600 --- --

4f = Mg 2340 2570 2990 3020 3220 169

=^'Mn 274 340 211 132 57.8 23.2

Na 20800 20600 2930 2540 1730 93.4

N03
Pb

22.1 16.1

0.26

19.8

2.07

14.2

2.98

3.7

7.13

1 .3

77 0.34 0.36 0.44 0.21
----

--- ---

Vanadium --- --- 5.1 15.2 39.4 77.2

7,tt 17.2 21.8 29.2 44.2 1140 16.6
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Table C-25. Final Resin Sample Anions/Cations 216-BY Cribs.

Dowex 21%Spent RuTn^ ' ^ e^w^,

HEIS A: BOFMFS BOFMF6 BOFMF7
. DATE : 24-May-95 24-May-95 24-May-95

LOCATION : Lead Column GAC Column Polishing Column

Units: microgram contaminant pergram resin (ug/g)

Al 369 516 24.2
As 1.6 5.8 1.2
Ba 31.6 23 1.2
Ca 481 1300 564
Cl 17.4 16.5 14.3
Cn 9780 362 735
Cr 1.9 3 3.6
Cu --- 13.2 2.1
Fe 6840 3270 65 9
Hg 0. 5 0.16 ---
Mn 2. 3 18.1 0.84
Na

_

184 81.6 69.8
N03 43. 6

-
77

.
36.4

Pb 1.3 3.2 0.39
Se 2.2 0.72 3 .8
Zn 1270 59.9 22.3
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WATER-LEVEL MEASUREMENTS
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Figure D-1. 216-B-5 Reverse Well Site Water-Level Monitoring for January.
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Figure D-2. 216-B-5 Reverse Well Site Water-Level Monitoring for Feburary.
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Figure D-3. 216-B-5 Reverse Well Site Water-Level Monitoring for March.

^

N
W

^

N
e0

W

CO

CD

W

LO

04
W

rn
N
fM
0

N
N

K)
0

w
f0

Lr) ^

ch
0

CO
0
f)
0

O
Cr)

0 N LO ^ tf) O U') O

N ^ O O

(^) a6ueyo Ian9-1-Ja;eM

RL95-59. W51/A2 D-5



DOE/RL-95-59

Rev. 0

Figure D-4. 216-B-5 Reverse Well Site Water-Level Monitoring for April.
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Figure D-5. 216-B-5 Reverse Well Site Water-Level Monitoring for May.
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Figure D-7. 216-BY Cribs Site Water-Level Monitoring for January.
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Figure D-8. 216-BY Cribs Site Water-Level Monitoring for February.
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Figure D-9. 216-BY Cribs Site Water-Level Monitoring for March.
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Figure D-10. 216-BY Cribs Site Water-Level Monitoring for April.
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APPENDIX E
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AT THE 200-BP-5 OPERABLE UNIT
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APPENDIX E

REPORT ON IN SITU FLOW VELOCITY MEASUREMENTS
AT THE 200-BP-5 OPERABLE UNIT

To further support the hydrogeologic assessment of the 216-BY Cribs (BY-Cribs) plume, as directed

in the 200 National Priorities List Agreement/Change Control Form (BHI-00203), in situ flow

velocities measurements were performed in wells monitoring the plume. The wells were all located

between the north end of the 200 East Area and Gable Mountain Gap. Listed in Table E-1 are the

wells in which flowmeter measurements were taken. The wells measured are located in Figure E-1.

The purpose of the in situ groundwater flow velocity measurements was to determine the groundwater

flow rate and direction in the vicinity of the BY-Cribs plume, in and north of the 200 East Area.

While measurements were collected at only 13 specific wells, the distribution of these wells allows for

an interpretation of the groundwater flow rate and direction, and the factors controlling groundwater

flow, across the study area.

Groundwater flow velocities were measured using a KV Associates Model 40 groundwater flowmeter.

The instrument utilizes a central heat pulse source surrounded by four matched pairs of thermistors.

The heat source provides a thermal pulse which is transported in the direction and the rate of

groundwater flow. By collecting measurements at the top, middle, and bottom of the well screened

interval, a vertical profile of groundwater flow can be obtained, and by summing the velocity vectors,

a representative flow velocity can be determined for the individual screened interval.

Thirteen groundwater monitoring wells were selected for this study. The wells selected were:

screened across the water table; screened using a 4- to 6-in.-diameter wire wrapped screen; and

located across the study area to provide an areal distribution of measurement points. The flow

measurements were obtained between May 24, 1995 and July 27, 1995. The objective was to obtain

measurements at the top, middle, and bottom of each saturated screened interval; however, several

wells only had sufficient saturated interval to obtain only one or two measurements. The wells

measured and measurement points below water level are listed on Table E-1.

The flowmeter measurements were collected by Westinghouse Hanford Company's Groundwater Data

Services organization. To obtain a measurement, the flowmeter was lowered into the well and
connected to control rods, which were indexed to ensure accurate directional alignment. Once the
flowmeter and rods were lowered to the desired depth, the instrument was aligned in a north-south
direction which was compensated for 21 degrees of east magnetic declination. Following alignment,
the groundwater was allowed to return to hydrostatic conditions for a minimum of I h before
collecting measurements. Following groundwater stabilization the flowmeter was triggered and data

is collected using an automated data logger.

Two data collection tests were conducted at each measurement point. The first is as described above,
and a second test following rotating the instrument 180 degrees from the first test. The rotation
procedure accounts for any thermistor positional bias and identifies any thermistor malfunctions.
Following data collection, the flow velocity vector direction and magnitude were calculated using
vector addition and instrument flow rate calibration curves. Velocity is a vector having both a
direction and magnitude. The direction is expressed as a compass direction, such as north 15 degrees
west, and the magnitude is expressed as a rate in feet per day. In the following discussions when the
term velocity is used, both a direction and magnitude are implied.

RL95-59. W5 VA2 E-3
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In situ groundwater flow velocity measurements are influenced by several factors related to well

construction, well condition, and aquifer characteristics. The wells tested were selected to ensure that

well construction and conditions would minimally impact flow measurements. Conditions that could

adversely impact measurements are: screened zones which contain perforations rather than

continuous wire wrapped screened; encrustation on the well screens; or a high-hydraulic conductivity

contrast differential between the aquifer and filter pack material.

Aquifer heterogeneities or anisotropy can affect both the flow direction and rate. Aquifer

heterogeneities are characterized by variable porosity, which can result in preferential flow paths

through the aquifer materials. Preferential pathways may exist due to depositional environment such

as in coarser main channel deposits bounded by finer grained deposits. In addition, preferential flow

paths may be developed during well development or over time through the washing of fine-grained

material from the aquifer.

Groundwater flow velocities are controlled by the effective porosity of the saturated sediments and the
groundwater flow gradient. The effective porosity of the saturated medium describes the amount of
connected pore space which will transmit water. Higher porosity results in lower flow velocity,
assuming all other related factors are held constant.

Porosities for the sediments comprising the unconfined aquifer surrounding the BY-Cribs and north to

the Gable Gap area are only generally known, and will vary from one location to another within the
study area. Effective porosity estimates range from 10% to 30% (Graham et al. 1981). The initial
flow velocity results were calculated using a representative effective porosity of 20%, however,
results from the 216-B-5 Reverse Well (B-5 Reverse Well) Tracer tests, discussed in Section 4.4.4,
determined that a porosity of between 22% and 30% is probably more representative of the
unconfined aquifer at the nearby B-5 Reverse Well site. Based on the tracer study data, groundwater
flow velocities were recalculated using an effective porosity of 25% based on the tracer study data.
Table E-1 presents the calculated flow velocities for both effective porosities.

In the calculation of the flow velocity magnitude resulting from the instrument readings, the effective
porosity is the controlling factor external from the calibration curves. Therefore, changing the
effective porosity from 20% to 25% results in a 20% reduction in velocity magnitude. Thus, with an
expected variable porosity across the study area of as much as 8% (22% to 30%), if only the tracer
test study data are used as a range, flow velocity magnitudes may vary by 27% due to uncertainty in
the effective porosity of the aquifer.

The water table in the northern portion of 200 East Area and north to Gable Gap is very flat with a
very low groundwater gradient of 0.00006. Low groundwater gradients may result in low flow
velocities if the aquifer is homogeneous. In the study area, water-table elevations are so similar that
contouring is very difficult, and therefore determining flow direction and gradient is imprecise. This
is illustrated by the June 1994 water-table elevations shown in Figure E-2. The water levels were
measured over a period of days and variability of up to 0.03 m(0.1 ft) is not unexpected. Additional
error is added due to uncertainty in surveying of well elevations. Errors of 0.02 ft may be introduced
if the same surveying benchmark was used and as much as 0.015 m(0.05 ft) if different benchmarks
were used between wells. Therefore, in areas such as the northern portion of the 200 East Area the
difference between 122.23 m(401.03 ft) and 1.22.21 m(400.98 ft) is not considered significant.

The underlying basalt surface also controls groundwater flow in a manner analogous to a stream bed
controlling water flow in a stream. Irregularities in the stream bed (such as rocks or islands) disrupts

RL9559. W51/A2 E-4
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the smooth laminar flow of the stream resulting in variable flow velocity around and over the

irregularities. The impacts of the stream bed, or in this case the underlying basalt surface, become

more pronounced near the basalt surface where the irregular surface disrupts the flow the greatest.

The basalt surface in the study area has been extensively eroded, and most likely a very irregular

surface has developed. In addition, erosional channels or depressions may have developed in the

basalt surface which also can direct groundwater flow oblique to the flow gradient direction.

The underlying basalt has also been structurally deformed by tectonic activity. A series of small

anticlines and synclines have been interpreted from well logs. This is illustrated in Figure E-3, which

is a bedrock geologic map of the 200 East Area and vicinity. Groundwater flow near the anticlines

may be controlled by both the structural dip of the basalt surface and surface irregularities associated

with erosion.

Because of the potential influences of porosity, well bore effects, and effects of the basalt surface

measurements within a well were added using vector addition to determine an average flow velocity

for a well. These average values are shown in Figure E-1 and listed in Table E-1.

Based on previous studies (DOE-RL 1993, WHC 1992) and a streamline analysis based on 1993

water-level data (Figure E-4), groundwater flow is generally to the north and northwest within the

study area. The flow has been and is strongly influenced by wastewater discharges to the ground.

These discharges have resulted in a groundwater divide in the 200 East Area which controls flow
direction to the north in the northwestern portion of the 200 East Area.

The groundwater flow direction and magnitude for each well are shown in Figure E-l. In general
across the study area the following may be inferred from the flow velocity measurements:

• Groundwater flow directions in the northwest portion of the 200 East Area is to the south,
with magnitudes ranging from 0.13 m/day (0.43 ft/day) to 0.49 m/day (1.6 ft/day).

• Groundwater flow directions northeast of the BY-Cribs flows northwest around a basalt high
with a magnitude of 0.6 m/day (1.9 ft/day).

• Groundwater north of the 200 East Area and south of West Lake flow northerly with a
magnitude ranging from less than 0.01 m/day (0.04 ft/day) to 0.34 m/day (1.1 ft/day).

Groundwater velocity measurements less than 0.01 m/day (0.04 ft/day) are considered less than the
practical resolution of the flow meter and necessarily invalidate the flow direction and rate. There
was only one location, well 699-52-54, where both flow measurement readings were below the
practical resolution of the meter.

Based on the velocity meter results, groundwater flow direction, in the northwest portion of the
200 East Area, is generally to the south. Flow velocity variation was observed and is likely due to
the flat gradient and aquifer heterogeneities. Flow velocities varied between 0.13 to 0.34 m/day
(0.43 to 1.1 ft/day). The 1993 water-table map (see Figure E-4) shows a hydrologic divide within the
central portion of the 200 East Area due to past cooling water disposal activities. A streamline
analysis shows that groundwater flow, in 1993, was to the northwest. Groundwater levels have been
lowering with time due to decreased discharges to the soil column, and the hydrologic divide may
have moved north sufficiently for groundwater flow directions to change to a more southerly

RL9559. W51/A2 E-5
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direction. Groundwater flow in this area may be controlled by a more regional flow gradient rather
than the flat local gradient.

The flow direction in the vicinity of well 299-E34-5 is to the northwest with a flow velocity of

0.6 m/day (1.9 ft/day), which was the highest measured. This higher flow velocity is supported by

the water level at this well, which also is the highest in the area. The groundwater high may be due

to the influence of the groundwater mound beneath B Pond to the southeast. In addition, the
groundwater velocity may be influenced by the underlying basalt surface, which is only 0.9 m(3 ft)

below the water table.

Also in this vicinity, well 299-E34-11 flows northeasterly and well 699-48-50 flows southerly, which

is anomalous to well 299-E34-5. This may be due to the underlying basalt locally controlling flow at
wells 299-E34-11 and 699-48-50. Well 299-34-11 has only 1.2 m(4 ft) of saturated interval above

the basalt surface and well 699-48-50 has only 3 m(10 ft). Flow velocities may be influenced by the
features on basalt surface such as erosional channels or depressions oblique to the general
groundwater flow direction shown by well 299-E34-5. In addition, two of the three measurements
collected in well 699-48-50 were below the 0.04 practical flowmeter resolution.

Flow directions heading into the Gable Gap area are consistent with a flat water table with a northerly
gradient but may be partially controlled by the underlying basalt surface. Well 699-52-57 only has
approximately 0.6 m(2 ft) of saturated interval above the basalt, and only one flow measurement was
collected from this well. Two measurements were collected at well 699-52-54 and both were below
the practical flowmeter resolution. This well has only approximately 0.9 m(3 ft) of saturated
thickness. This well may penetrate into a small depression in the basalt surface which has only a very
small flow.

The flow direction at well 699-59-58 is southwesterly with a magnitude of 0.20 m/day (0.66 ft/day).
This is anomalous to the flow direction predicted from previous studies and from the wells to the
south. Structure contour maps of the area show that this well, with 4.6 m(15 ft) of saturated
thickness above the basalt bedrock, is on the southerly dipping limb of an anticlinal structure.
Erosional features on this southerly dipping limb may be controlling flow in this individual well, with
the general regional flow maintaining its northerly flow direction. However, without additional
velocity data this cannot be confirmed.

Well 699-60-57 is screened across two zones. The upper zone contains approximately 1.5 m(5 ft) of
saturated screened interval, and the lower zone is screened across a section 17 m(57 ft) lower in the
well. Results show that groundwater flows in opposite directions between the upper and lower
screened intervals. The upper interval flows southwest and the lower interval flows northeast. This
well also lies on the axis of an anticlinal structure. This could have an effect on flow directions near
the basalt surface. An alternative explanation is that the two screened intervals may represent
different aquifers, separated by a confining layer, which flow in opposite directions. Well logs show
that a very-fine to fine sand with silt was encountered between the two screen intervals. This zone
could cause semiconfined to confined conditions in the lower screened interval. Opposite flow
directions between unconfined and confined aquifers have been documented at Fort Ord, California
(HLA 1994). Either of the two scenarios are reasonable.

In summary, in situ groundwater flow velocity measurements provide general groundwater flow
directions and velocities in areas of very low hydraulic gradient. Groundwater flow velocity
measurements can be influenced by aquifer porosity, well bore effects, and the underlying basalt
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surface. Groundwater flow in the northeastern portion of the 200 East Area are to the south, at
velocities ranging between 0.13 and 0.34 m/day (0.43 and 1.1 ft/day). This is opposite to flow
directions interpreted from water-table elevations collected in 1993 which show a northwesterly flow
direction. This change in direction may be due to a declining water table and movement of the 200
East Area hydrologic divide to the north. Groundwater east of this area and to the north flows
towards Gable Gap and is controlled by the low hydraulic gradient and locally by the underlying
basalt surface.

REFERENCES

DOE-RL, 1993, 200 East Groundwater Aggregate Area Management Study Report, DOE/RL-92-19,
U.S. Department of Energy, Richland Operations Office, Richland, Washington.

Graham, M.J, G.V. Last, S.R. Strait, and W.R. Brown, 1981, Hydrology of the Separations Area,
RHO-ST-42, Rockwell Hanford Operations, Richland, Washington

HLA, 1994, Basewide Remedial Investigation/Feasibility Study Fort Ord, California, Harding Lawson
Associates, Navato, California.

WHC, 1992, Hydrogeologic Model for the 200 East Groundwater Aggregate Area,
WHC-SD-EN-TI-019, Rev. 0, Westinghouse Hanford Company, Richland, Washington.
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Figure E-1. In Situ Velocity Flowmeter Wells in the 216-BY Cribs Plume.
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Table E-1. In Situ Flow Meter Results.

llW DBWL ft
Velocity (ft/d)

Die ( ) rection
0.20% 0.25%

299-E32-2 3.7 0.89 0.7 S30°E
7.7

----------
1.8 1.4 S34.3°E

Average
-- -------------- --------------

1.0
------------------

S24°E

299-E33-30 4.3 0.73 0.58 S69.9°W
8.3 0.66 0.53 S63°W

12.3 0.45 0.36 S68°W

Average
------------ -------------- --------------

0.49
------------------

S67°W

299-833-31 2.9 1.7 1.3 S22.6 ° W
6.9 2.1 1.7 S18.7°E
8.9

----
0.59 0.47 S20.0°W

Average
-------- -------------- --------------

1.1
------------------

S2°W

299-E33-35 2.8 0.33 0.27 S42.2°W
5.8 1.2 0.94 S78.4°W
8.8

----------
0.23 0.18 S21.3°W

Average
-- -------------- --------------

0.43
------------------

S64.5°W

299-E33-38 4.2 1.4 1.1 S23.6°W
8.2

-----
2.4 2.0 S15.6°W

Average
------- -------------- --------------

1.6
------------------

S18.4°W

299-E34-5 1.4 2.37 1.9 S46.6 °W

299-E34-11 2.0 1.2 0.96 N51.4°E
3.5

--------
1.1 0.87 N51.4°E

Average
---- -------------- --------------

0.92
------------------

N51.4°E

699-48-50 1.2 <0.04 < 0.04 a
5.7 0.60 0.48 S18.6°E
9.7

------------
0.04

--------------
< 0.04

--------------
(S52.7°E)^

Average 0.48
------------------

S18.6°E

699-52-54 0.9 0.04 <0.04 (S46.5°EN
1.4

------- ----
< 0.04 <0.04 a

Average
----------

No valid value
------------------

699-52-57 0.8 1.4 1.1 N2.9°E

699-55-55 2.1 1.5 1.2 N1.0°E
5.1 0.99 0.79 N21.7°W
8.1

-------------
1.1

------------
0.91 N4.3°E

Average
-- --------------

0.95 N4.1°W
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Table E-1. In Situ Flow Meter Results.

DBWL f
Velocity (ft/d)

Well ( t) Direction
0.20% 0.25%

699-59-58 2.2 0.60 0.48 S11.2°W
6.3 0.77 0.61 S35.0°W
9.3

------------
1.2

--------------
0.93

---------- -
S43.9°W

Average
- ---

0.66
------------------

S33.5°W

699-60-57 3.0 2.0 1.6 S79.3°W
65.5 0.86 0.69 N55.6°E
69.5 1.6 1.2 N58.1°E

Average
------------ -------------- --------------

0.96'
------------------

N57.2°E

NOTES:
'Flow velocities below 0.04 ft/day are below practical measurement capabilities of instrument.
Values in parentheses are directions for velocities calculated using 0.20% porosity.

"Only the two lower flow velocities and directions were used in determining the average values.

Average = average value calculated using vector addition methods. NOTE: not an arithmetic
average.

DBWL = depth below water level

¢ = effective porosity
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APPENDIX F

AS-BUILT AND SITE MAPS FOR 200-BP-5 PUMP-AND-TREAT SITES
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Table F-1. Treatability Test Wells Summary Table.

WELL it DRILLED TOTAL OPEN DIAMETER TEST
DEPTH INTERVAL USE

216-B-5 1945 299' 240'-299' 8" N/A

299-E28-7 1948/79 338' 270'-335' 6" lst
Injection
Well

299-E28-23 1979 328' 278'-328' 4" Exteraction
Well

299-E28-24 1980 327' 277'-327' 4" Obeservatio
n

299-E28-25 1980 329' 279'-329' 4" 2nd
Injection
Well

699-50-53A 1955 159' 142'-156' 8" Extraction
Well

699-50-53B 1990 225' 215'-225' 4" Observation

699-49-55A 1961 141' 124'-139 6" Injection
Well

699-49-55B 1982 227' 175'-226' 6" Observation

699-49-57A 1956 164' 144'-161' 8" Observation

699-49-57B 1990 230' 219'-230' 4" Observation

RL95-59. W51/A2 F-3
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Figure F-1. 216-8-5 Reverse Well Plume.
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11 WELL CONSTRUCTION AND COMPLETION SUMMARY 11

Drilling Sample WELL TEMPORARY
Method: Cable tool Method: Hard tool (nom) NUMBER: 299-E28-7 WELL NO: 361-8-9
Drilling Additives Hanford
Fluid Used: Water Used: None documented Coordinates: N/S N 43,437 E/W W 52,812
Driller's WA State State
Name: Chausse/Bultena Lic Nr: Not documented Coordinates: N 448,603 E 2,242,402
Drilling Company Start
Company: Not documented Location: Not documented Card #: Not documented T_ R_ S
Date Date Elevation
Started: 01Aor48/18Mav79 Complete: l0Auo48/14Jun79 Ground surface: 683.9-ft Estimated

Depth to water: 298-ft Ma 48
(Ground surface) 2 . -ft 09Jun93

GENERALIZED Driller's
STRATIGRAPHY Log

0-7: SAND and GRAVEL
7-20: BOULDERS
20-24: Coarse SAND and BOULDERS
24-25: Coarse SAND
25-31: Coarse SAND. little CLAY
31-36: CLAY. SAND and GRAVEL
36-215: SAND and CLAY.CLAY and SAND

some GRAVEL @ 105-ft.
pea GRAVEL @ 190-ft

215-219: GRAVEL. SAND and CLAY
219-260: SAND and CLAY
260-265: GRAVEL and fine SAND
265-288: SAND
288-292: BOULDERS and SAND
292-295: Fine black SAND
295-300: SAND and GRAVEL
300-303: SAND
303-316: SAND. GRAVEL and CLAY
316-320: Fine SAND (TD)
EXTENSION OF WELL. May79
Cleaned out to 320-ft
319-320: 50% 3-6-in COBBLES.

30% PEBBLES,
some very coarse SAND

323-324.5: 20% 2-3-in COBBLES, 20%
PEBBLES. predominantly
very coarse.coarse SAND

328-330: 70% 3-5-in COBBLES,
20% PEBBLES,
rest very coarse SAND

333-335: Angular BASALT with sand <
yellow SILT

337-342: Fractured BASALT

REMEDIATION. May-Jun79
Pulled 6-in casing.
Set 6-in liner to 233-ft.
while driving 6-in casing.
Extended hole from 320-342-ft.
Perforated 6-in casing, set
cement bottom plug and grouted
annulus between 6-8-in casing
w/300-gals grout.

Elevation of reference point: [ 685.91-ft ]
(top of casing)
Height of reference point above[ 2.0-ft ]
ground surface

Depth of surface sea]
Type of surface seal:
Cement grout between 6-in and
8-in casing perforated 0-100-ft

8-in ID carbon steel casing,
+ND-217.0-ft

8-in casing parted
at 211.7-ft

Hole diameter,
0-217.0-ft 9-in nominal
21- 40- t. 7-in nominal

6-in ID carbon steel casing.
+2.0-340-ft

6-in casing perforations.
270-335-ft. 2 cuts/rd

Cement plug,
338-342-ft

Borehole drilled depth: [ 432.0-ft ]

NOTE: Contamination encountered during clean-out and
Drawing By: RKL/ 28-07.ASB redrill @ 284-294-ft and 314-333-ft.
Date
Reference : HANF R W E LLS
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SUMMARY OF CONSTRUCTION DATA AND FIELD OBSERVATIONS
RESOURCE PROTECTION WELL - 299-E28-7

WELL DESIGNATION 299-E28-7
RCRA FACILITY Not applicable
CERCLA UNIT 200 Aggregate Area Management Study
HANFORD COORDINATES N 43.437 W 52.812
LAMBERT COORDINATES N 448.603 E 2,242.402 [HANCONV]
DATE DRILLED Aug48-Deepened Jun79
DEPTH DRILLED (GS) 342.0-ft
MEASURED DEPTH (GS) Not documented
DEPTH TO WATER (GS) 298-ft, May48;

282.4-ft, 09Jun93
CASING DIAMETER 8-in, carbon steel. ND-217.0-ft:

6-in carbon steel +2.1-340.0-ft
ELEV TOP CASING 685.91-ft.
ELEV GROUND SURFACE 683.9-ft. Estimated
PERFORATED INTERVAL 270-335-ft
SCREENED INTERVAL Not applicable
COMMENTS FIELD INSPECTION, 1oAug93.

6 and 8-in carbon steel casing. Capped and locked
2-ft pad, 4 posts, identification stamped on brass marker.
Not in radiation zone.

AVAILABLE LOGS Driller
TV SCAN COMMENTS Not applicable
DATE EVALUATED Not applicable
EVAL RECOMMENDATION Not applicable
LISTED USE Seperations area semiannual water levels measurement, 20Apr73-09Jun93;
CURRENT USER WHC ES&M w/1 monitoring,

PNL sitewide sampling 93
PUMP TYPE Hydrostar
MAINTENANCE

RL95-59. W51/A2
F-9
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1 WELL CONSTRUCTION AND COMPLETION SUMMARY 11

Drilling Sample WELL TEMPORARY
Method: Cable tool Method: Hard tool (nom) NUMBER: 299-E28-23 WELL NO.
Drilling Additives Hanford
Fluid Used: Water Used: None documented Coordinates: N/S N 43.477 E/W W 52.852
Driller's WA State State
Name: Evans Lic Nr: Not documented Coordinates: N 448,643 E 2,242.361
Drilling Company Start
Company: Not documented Location: Not documented Card #: Not documented T_ R_ S
Date Date Elevation
Started: 07Mav79 Complete: 06Aug79 Ground surface: Not documented

Depth to water: 280-ft Aug79
(Ground surface) II .- Elevation of reference point: [ ND 7

(top of casing)
GENERALIZED Drillers I Height of reference point above[ ND ]
STRATIGRAPHY Log ^ ground surface

Depth of surface seal [ 0-20-ft ]
0-15: COBBLES, PEBBLES. Type of surface seal:

SAND, BACKFILL 4-1 Cement grout between 8-in casing
15-20: PEBBLES, SAND as 10-in casing was pulled ( assumed)
20-25: COBBLES. PEBBLES. SAND Has 2-ft pad
25-36: PEBBLES. SAND
36-44: PEBBLES. SAND, CALICHE ^ 8-in ID carbon steel casing.
44-47: PEBBLES. SAND +2.3-232.0-ft
47-60: SAND
60-70: SAND. some PEBBLES Hole diameter.
70-87: SAND 0-20- 11-in nominalft
87-90: SILT 2-ft. 9-in nominal0-23
90-95: SAND 232-330.5-ft 7-in nominal
95-97: SAND, some SILT
97-120: PEBBLES. SAND
120-137: SAND
137-145: SAND, some basalt PEBBLES ^ 6-in ID carbon steel casing.
145-152: SAND ^ -2.3-278-ft
152-155: SAND. SILT . (PuT e from total depth)
155-162: SAND
162-177: SAND. PEBBLES
177-211: SAND
211-240: PEBBLES, SAND
240-245: COBBLES, PEBBLES. SAND . 4-in ID carbon steel casing.
245-251: PEBBLES. SAND -+2.3-278-ft
251-255: SILT
255-270: COBBLES. PEBBLES, SAND
270-280: PEBBLES, SAND 6-in casing pulled back to -278-ft
280-330: COBBLES, PEBBLES. SAND ^

REMEDIATION:
. .

Sep80 and Mar81 by Evans.
Cut 6-in casing at 328-ft, pulled 4-in stainless steel screen,
back 52-ft of 6-in casing. Set 278-328-ft. #10-slot
50-ft of 4-in screen to 328-ft on w/assumed bottom cap
4-in carbon steel casing. Grouted
between 6-8-in casings and
poured 2-ft round collar.

NOTE: fi'f'f;: • 6-in ID carbon steel casing.
Contamination encountered: f;;f;EfEf 328-330.5-ft
271-ft. 1st detection.
285-ft. 10mr/2,000dpm Borehole drilled depth: [ 330.5-ft 7
293.5-ft. 20mr/>60.000dpm
330.5-ft, 600cpm/<500dpm

Drawing By: RKL/2E28-23.ASB
Date : 10Seo93
Reference : HANFORD WELLS
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WELL DESIGNATION
RCRA FACILITY
CERCLA UNIT
HANFORD COORDINATES
LAMBERT COORDINATES
DATE DRILLED
DEPTH DRILLED (GS)
MEASURED DEPTH (GS)
DEPTH TO WATER (GS)
CASING DIAMETER

ELEV TOP CASING
ELEV GROUND SURFACE
PERFORATED INTERVAL
SCREENED INTERVAL
COMMENTS

AVAILABLE LOGS
TV SCAN COMMENTS
DATE EVALUATED
EVAL RECOMMENDATION
LISTED USE
CURRENT USER

PUMP TYPE
MAINTENANCE

SUMMARY OF CONSTRUCTION DATA AND FIELD OBSERVATIONS
RESOURCE PROTECTION WELL - 299-E28-23

299-E28-23
Not applicable
200 Aggregate Area Management Study
N 43,477 W 52.852
N 448,643 E 2.242.361 [HANCONV]
Aug79-Completed Sep80 and Mar81
330.5-ft
Not documented
280-ft. Aug79
8-in, carbon steel. +2.3-232.0-
6-in carbon steel +2.3-278.0-ft
4-in carbon steel. +2.3•278-ft
Not documented
Not documented
None
278-328-ft
FIELD INSPECTION, 240ct89.
3 carbon steel casings. 2-ft pad
No permanent identification. In
Driller, Geologist
Not applicable
Not applicable
Not applicable
No water level measurement data,
WHC ES&M operational sampling.
PNL sitewide sampling 93
Electric submersible

ft:

no posts, capped, and locked
radiation zone.
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Ir- WELL CONSTRUCTION AND COMPLETION SUMMARY 1

Drilling Sample Drive barrel WELL TEMPORARY
Method: Cable tool Method: Split tube NUMBER: 299 -E28-24 WELL N0:
Drilling Additives Hanford
Fluid Used: Water Used: None documented Coordinates : N/S N 43.466 E/W W 52.841
Drillers WA State State
Name: Evans Lic Nr: Not documented Coordinates : N 448.632 E 2.242.372
Drilling Company Start
Company: Not documented Location: Not documented Card #: Not documented T R S
Date Date Elevation

_ _

Started: 07Aug79 Complete: 26Feb80 Ground surface: Not documented

Depth to water: 280-ft Feb80
(Ground surface) -280-ft Sep91

GENERALIZED Driller's
STRATIGRAPHY Log

0-10: COBBLES. PEBBLES. SAND
10-42: PEBBLES, SAND
42-45: SAND. some CALICHE and SILT
45-52: SAND, some PEBBLES.

CALICHE and SILT
52-72: SAND. CALICHE
72-75: PEBBLES. SAND
75-97: SAND
97-102: PEBBLES. SAND
102-142: SAND
142-155: PEBBLES. SAND
155-160: SAND
160-172: PEBBLES. SAND
172-210: SAND
210-235: PEBBLES. SAND
235-257: PEBBLES, SAND. some SILT
257-258: BOULDERS. COBBLES. PEBBLES
258-259: PEBBLES, with SAND and SILT
259-260: COBBLES. PEBBLES.

SAND and SILT
260-265: PEBBLES. SAND
265-275: COBBLES. PEBBLES. SAND, SILT
275-287: PEBBLES. SAND
287-294: COBBLES. PEBBLES, SAND
294-312: COBBLES. PEBBLES. SAND

with SILT
312-315: PEBBLES. SAND
315-329: COBBLES. PEBBLES. SAND

and SILT
REMEDIATION:
Aug79 and Feb80 by Evans.
Placed 50-ft of 4-in screen to
327-ft. Pulled back 11-ft of
8-in casing. Casing broke at -80-ft.
Pulled 10-in casing and
grouted. Poured 2-ft round pad.

NOTE:
Contamination encountered:
267-ft. -7,000cpm Q/V
294-ft. 40.000cpm. no a
329-ft. bkgd

Drawing By: RKL/2E28- 4.ASB
Date : 1 93
Reference : HANFORD WELLS

Elevation of reference point:
(top of casing)

F-^ Height of reference point abc
ground surface

I Depth of surface seal [0-20
Type of surface seal:

I Cement grout between 8-in casing
and 10-in surface casing to 20-ft as
10-in was being pulled
2-ft cement pad poured

Hole diameter,
^- 0-20-ft 11-in nomina]

• 20-239-ft. 9-in nominal

8-in ID carbon steel casing.
^ +2.1-318-ft

^ Casing broken
@ 80-ft

^ 4-in ID carbon steel casing.
+2.3-278-ft

! • ^ No documentation of filter pack or plug

_ • ( 4-in stainless steel screen.
277-327-ft. #10-slot
w/assumed end cap

• = ^ 8-in casing pulled back to -318-ft
:

: :.
TTi' f.
Fi 11?:,Ef:

• I Borehole drilled depth: [ 329.0-ft 7l

RL95-59. W51/A2 ]'"-12
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WELL DESIGNATION
RCRA FACILITY
CERCLA UNIT
HANFORD COORDINATES
LAMBERT COORDINATES
DATE DRILLED
DEPTH DRILLED (GS)
MEASURED DEPTH (GS)
DEPTH TO WATER (GS)

(TOC)
CASING DIAMETER

ELEV TOP CASING
ELEV GROUND SURFACE
PERFORATED INTERVAL
SCREENED INTERVAL
COMMENTS

AVAILABLE LOGS
TV SCAN COMMENTS
DATE EVALUATED
EVAL RECOMMENDATION
LISTED USE
CURRENT USER
PUMP TYPE
MAINTENANCE

SUMMARY OF CONSTRUCTION DATA AND FIELD OBSERVATIONS
RESOURCE PROTECTION WELL - 299-E28-24

299-E28-24
Not applicable
200 Aggregate Area Management Study
N 43.466 W 52,841
N 448.632 E 2.242.372 [HANCONV]
Feb80-Completed Aug79 and Feb80
329.0-ft
Not documented
280-ft. Aug79.
282.9-ft. Sep91
8-in, carbon steel. +2.1-318.0-ft;
4-in carbon steel, +2.1-278-ft
Not documented
Not documented
None
277-327-ft
FIELD INSPECTION. 240ct89
2-ft round cement pad. Capped and
8-in and 4-in carbon steel casing.
Driller, Geologist
Not applicable
Not applicable
Not applicable

locked. No posts, no permanent identificat on.
In radiation zone.

Water levels measured ( depth to water only) 06Apr90-23Sep91
PNL sitewide sampling 93
None documented

RL95-59. W51/A2 F-13
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1 WELL CONSTRUCTION AND COMPLETION SUMMARY 11

Drilling Sample Drive barrel WELL TEMPORARY
Method: Cable tool Method: Solit tube NUMBER: 299-E28-25 WELL NO:
Drilling Additives Hanford
Fluid Used: Water Used: None documented Coordinates: N/S N 43,494 E/W W 52 , 869
Driller's WA State State
Name: Evans Lic Nr: Not documented Coordinates: N 448,660 E 2,242,344
Drilling Company Start
Company: Not documented Location: Not documented Card #: Not documented T_ R_ S
Date Date Elevation
Started: 17Dec79 Complete: 11Feb80 Ground surface: Not documented

Depth to water: 280-ft Feb80
(Ground surface) -2 0-fgt Jan91

GENERALIZED Driller's
STRATIGRAPHY Log

0-7: Not documented
7-9: COBBLES. PEBBLES. SAND
9-25: PEBBLES, SAND and SILT
25-225: SAND and SILT
225-240: SAND with PEBBLES and SILT
240-252: SAND and PEBBLES
252-254: SILT with PEBBLES and SANC
254-280: COBBLES. PEBBLES.

SAND and SILT
280-289: PEBBLES and SAND
289-315: PEBBLES, SAND and SILT
315-329: COBBLES. PEBBLES.

SAND and SILT
329-331: ROCK

DRILLER'S NOTE:
8-in casing broke at @ 54-ft
during first attempt to pull
back. The screen was removed.
the well was cleaned. Then the
8-in casing was cut @ 327-ft to
leave the shoe in the well.
6-in protective casing was then
run to allow screen installation.
The screen was placed. 6-in casinc
removed while placing gravel pack
and the 8-in casing pulled back
69-ft. The annulus between the
6-B-in casings was grouted and
2-ft round pad poured.

Elevation of reference point: [ ND
(top of casing)
Height of reference point above[ 1.9-ft ]
ground surface

Depth of surface seal [0=20
Type of surface seal
Cement grout between 8-in casing
and 10-in surface casing to 20-ft as
10-in was being pulled
2-ft cement pad poured

Hole diameter.
0-20-ft. 11-in nominal
20-331.0-ft. 9-in nominal

8-in ID carbon steel casing,
+2.1-263-ft

4-in ID carbon steel casing.
+1.9-279-ft

8-in casing pulled back to -263-ft
from total depth

Gravel pack, 270-328-ft

4-in stainless steel screen,
279^329-ft. #10-slot
Bottom cap assumed

NOTE:
Contamination encountered:
254-ft. -600-800com QlV

Drawing By: RKL/2E28-25.ASB
Date : 1 D93
Reference : HANFORD WELLS

8-in ID casing.
Cut @ 327-331-ft

Borehole drilled depth: [ 331.0-ft ]

u.95-59.wsvn2 F-14
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WELL DESIGNATION
RCRA FACILITY
CERCLA UNIT
HANFORD COORDINATES
LAMBERT COORDINATES
DATE DRILLED
DEPTH DRILLED (GS)
MEASURED DEPTH (GS)
DEPTH TO WATER (GS)

CASING DIAMETER

ELEV TOP CASING
ELEV GROUND SURFACE
PERFORATED INTERVAL
SCREENED INTERVAL
COMMENTS

AVAILABLE LOGS
TV SCAN COMMENTS
DATE EVALUATED
EVAL RECOMMENDATION
LISTED USE
CURRENT USER
PUMP TYPE
MAINTENANCE

SUMMARY OF CONSTRUCTION DATA AND FIELD OBSERVATIONS
RESOURCE PROTECTION WELL - 299-E28-25

299-E28-25
Not applicable
200 Aggregate Area Management Study
N 43.494 W 52.869
N 448.660 E 2.242.344 [HANCONV]
Feb80
331.0-ft
Not documented
280-ft, Feb80:
280-ft. 31Jan91
8-in, carbon steel. +1.9-263.0-ft:
4-in carbon steel. +1.9-279-ft
Not documented
Not documented
None
279-329-ft
FIELD INSPECTION. 240ct89
2-ft round cement pad. Capped and
8-in and 4-in carbon steel casing.
Driller, Geologist
Not applicable
Not applicable
Not applicable

locked. No posts, no permanent identification.
Not in radiation zone.

Water levels measured ( depth to water only) 23Mar90-31Jan91
PNL sitewide sampling 93
None documented

RL95-59. W51/A2 F-15
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Figure F-5. Contaminant Plumes and Location Map.
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Figure F-6. Location Map for the 216-BY Cribs.
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Figure F-7. Geologic Cross Section.
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Other Symbols

Grain Size Scale. Indicates
Dominant Grain Size in on Interval Formotional contact, ? where inferred

C/Z Clay and silt -?-?-? Unit or sequence contact, ? where inferred

I
I I

I S Sand
C/Z C/B P Pebble Grovel Confined Water Table

C/B Cobble and boulder grovel
V Unconfined Water Table

Additional Lithologic Symbols,

Includes Subordin ate Lithologies
Stratioraohic Abbreviations

Clay rich

Silt rich

Sandy

Pebble Gravel

ppO Cobble and Boulder

51% Basalt

Hun - Undifferentiated Hanford formation

Hug - Upper gravel sequence, Hanford formation

Hs - Sandy sequence, Hanford formation

Hlg - Lower gravel sequence, Hanford formation

EM - Elephont Mountain Member

RRI - Rattlesnake Ridge Interbed

P - Pomono Member

NL95-59 W51/A2 F-18
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As-Built Diagrams for Wells:

699-50-53A
699-50-53B
699-49-55A
699-49-55B
699-49-57A
699-49-57B

rzL95-59.w5v,2 F-19
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IF- WELL CONSTRUCTION AND COMPLETION SUMMARY 11

Drilling Sam le WELL TEMPORARY
Method: Cable tool

p
Method: Hard tool (nom) NUMBER: 699-50-53A WELL NO: 699-50-53

Drilling Additives Hanford
Fluid Used: Water Used: Not documented Coordinates: N/S N 49,840 E/W W 53.267
Driller's WA State State
Name: Miller Lic Nr: Not documented Coordinates: N 455.005 E 2 241,930
Drilling Company Start
Company: Not documented Location: Not documented Card #: Not documented T_ R_ S
Date Date Elevation
Started: 21Dec54 Complete: 02Feb55 Ground surface: 554.96-ft Brass cao

Depth to water: 154-ft ec76
(Ground surface 153.2-ft 01Seo93

GENERALIZED Driller's
STRATIGRAPHY Log

0-10: SILT. GRAVEL and COBBLES ....
10-20: GRAVEL and COBBLES
20-35: Coarse GRAVEL
35-40: BOULDERS and GRAVEL
40-70: COBBLES and GRAVEL
70-80: GRAVEL
80-95: GRAVEL and SAND
95-110: Fine and coarse SAND
110-115: SAND and GRAVEL
115-135: Fine and coarse SAND
135-143: Fine and coarse SAND and SILT
143-147: Coarse GRAVEL and SAND
147-156.5: SAND. GRAVEL and BASALT
156.5-185: BASALT

REMEDIATION:
Ju177 by Bultena
Set wooden plug. the cement
plug to 159-ft.

25Sep-110ct91 by WHC GWWS
Overdrilled 8-in casing to 19-ft
with 15-in hollow-stem auger bit.
Grouted annulus with cement grout.
Excavated for and installed
concrete surface pad. brass marker
and 4 protective posts.
18Oct81
Extended 8-in casing 1.15-ft for
total of 2.5-ft stickup.
27-290ct91
Primed and painted cap, casing
and protective posts. Stenciled
well number on casing and post.

-^ Elevation of reference point: [ 557.46-ft ]
(top of casing)

^ Height of reference point above[ 2.5-ft ]
^ ground surface

Depth of surface seal
Type of surface seal:

-^ Cement grout to 19-ft
between 8-in casing and
15-in hollowstem auger
overdrilled hole
Has 4x4-ft concrete pad

I 8-in ID carbon steel casing.
+2.5-156.5-ft

8-in casing perforations.
142-156-ft. 6 holes/ft

Hole diameter.
19.0-156.5-ft

^ 156.5^18 .0-ft

Cement and wooden plug.
@ 159-ft

. I Borehole drilled depth:

Drawing By: RKL/ N50W53A.ASB
Date : 13 ct 93
Reference : HANF RD W

[ 0-19-ft ]

[ 185-ft ]

RL95-59.W51IA2 F-20
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SUMMARY OF CONSTRUCTION DATA AND FIELD OBSERVATIONS
RESOURCE PROTECTION WELL - 699-50-53A

WELL DESIGNATION 699-50-53A
RCRA FACILITY Not applicable
CERCLA UNIT 200-BP-1 (200 Aggregate Area Management Study)
HANFORD COORDINATES N 49.840 W 53,267
LAMBERT COORDINATES N 455.005 E 2,241,930 [HANCONV]
DATE DRILLED Feb55
DEPTH DRILLED (GS) 185-ft
MEASURED DEPTH (GS) 162-ft, Aug90 TV
DEPTH TO WATER (GS) 154-ft. Dec76:

153.2-ft. 01Sep93
CASING DIAMETER 8-in. carbon steel, +2.5-156.5-ft
ELEV TOP OF CASING 557.46-ft. [25Feb92-NGVD'29)
ELEV GROUND SURFACE : 554.96-ft. Brass cap [25Feb92-NGVD'29]
PERFORATED INTERVAL : 142-156-ft
SCREENED INTERVAL Not applicable
COMMENTS FIELD INSPECTION, 11Oct89.

Carbon steel casing.
No pad, capped and locked, no posts.
Identification stamped on brass marker.
FIELD INSPECTION. 060ct92,
8-in carbon steel casing. Capped and locked
4-ft by 4-ft concrete pad, 4 posts. Identification stamped on brass marker in pad.
Not in radiation zone.
OTHER:

AVAILABLE LOGS Driller
TV SCAN COMMENTS . Depths referenced to ground surface:

Jan90:
Depth to bottom: 160-ft
Bottom of casing: 156-ft
Depth to water: 150-ft
Perforated 138-156-ft (?). 6 cuts/rd/ft. Material flaking off caused by camera.
Casing has average scale build-up.
10Aug90:
Depth to bottom: 162-ft
Depth to water: 151-ft, floating debris
Casing clean. Perforated 139-(?)-ft. 6 cuts rd/ft. Thse visible were open.
Water murky with suspended debris. Vision obscured by possibly algae.

DATE EVALUATED 13Nov90
EVAL RECOMMENDATION : 1. Install a 2-in void grout surface seal outside

8-in casing to approximately 18-ft. OR:
2. Perforate 3-18-ft and install a 4-in liner with cement basket to approximately

20-ft. Pressure grout to 40-psi.
3. Install protective posts and concrete pad per WAC 173-160-510 and field

conditions.
4. Survey to water level measurement standards.

LISTED USE 200 BP-1 quarterly water level measurement. 07Feb55-01Sep93
CURRENT USER WHC ER characterization and ES&M w/l monitoring.

PNL sitewlde sampling and w/1 monitoring 93
PUMP TYPE Hydrostar, intake at 156.9-ft, (top-of-casing)
MAINTENANCE 21May90: Pulled pump, scrubbed casing and bailed debris. Considerable

contamination found.
06&llJun9O: Developed well with pump to <5 NTU.
13Aug90: Installed pump and new cap.

REMEDIATION 25Sep91: Cleared site.
01-020ct91: Overdrilled B-in casing to 19-ft with 15-in hollow-stem auger.

Grouted annulus with cement grout (Al powder added).
07-090ct91: Excavated for surface pad and protective posts.
11Oct91: Installed 4-ft by 4-ft surface pad, brass marker and 4 protective posts.
180ct91: Extended casing 1.15-ft for 2.50-ft stickup.
27-290ct91: Primed and painted cap, casing and protective posts.

Stenciled well number on casing and post.

RL95-59. W51 /A2
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Fr- WELL CONSTRUCTION AND COMPLETION SIAMARY 11

Drilling Sample Drive barrel WELL TEMPORARY

Method: Cable tool Method: Hard tool NUMBER: 699-50-53B WELL N0:

Drilling 2 0 W Water Additives Hanford
Fluid Used: Suoply

'
Used: None Coordinates: N/S N 49 806 E/W W 53 249

6mE 5N 659 88Driller s WA State .1.State NAD 3 , .m

Name: C . Wamslev Lic Nr: Not documented Coordinates: N 454.971 E 2,241,948

Drilling Company Start
Company: Kaiser Enaineers Location: Hanford Card #: 011816 T_ R, S

Date Date Elevation
Started: 05Apr90 Complete: -290ct90 Ground surface (ft): 555.03 Brass can

Depth to water: 151.3-ft Ma v 9 1
(Ground surface) 1 2.7-ft 12Mar93

GENERALIZED Geologist's
STRATIGRAPHY Log II
Sl-slightly

0-61: Silty sandy GRAVEL
61-90: Sl silty gravelly SAND
90-95: Sl silty sl gravelly SAND
95-100: Sl silty SAND
100-115: Sl silty sl gravelly SAND
115-120: Sl silty SAND
120-145: SAND
145-155.8: Gravelly SAND
155.8-205: BASALT
-205-211: CLAY
211-220: SAND
220-225: Silty SAND

-1 Elevation of reference point:
(top of casing)

1 Height of reference point abc
^ ground surface

I Depth of surface seal [ 2.5-20.5-ft

Type of surface seal: Pre-mix concrete
4x4-ft x 6-in surface pad t o 2.5-ft

uidist nt rotective osts
Cement arout. 2.5- 0. -ft

^ I.D. of riser pipe:
Type of riser pipe:
Stainless steel

I j

Diameter of borehole.
0-156.3-ft. 11-in nominal
156.3-185.5-ft. 9-in nominal

Type of filler, 20.5-142.8-ft
8-20-mesh bentonite crumbles

Hole Plug Bentonite. 142.B-161.5-ft

1 Portland I/II cement. 161.5-202.6-ft

185.5-225.0-ft. 8-in nominal hole di

' : j Hole Plug bentonite. 202.6-208.8-ft
: : I

20-40-mesh silica sand, 208.8-210.1-ft
8-12-mesh silica sand. 210.1-225.0-ft

Drawing By: RKL16N50W53B.ASB Date: 26Ma 9

Reference: WHC-SD-EN-TI-054

[ 214.7-ft ]j

[ 2 4.7-ft]j

1 Depth to bottom of borehole: [ 225.0-ft ]i

?i; t-1 Depth top of screen:
d-in ctainlecc ctnel

^:?I #10-slot w/chanei oack
epth bottom of screen:

RL9S-59.W51/A2
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SUMMARY OF CONSTRUCTION DATA AND FIELD OBSERVATIONS
RESOURCE PROTECTION WELL - 699-50-53B

WELL DESIGNATION 699-50-53B
CERCLA UNIT 200-BP-1 (200 Aggregate Area Management Study)
RCRA FACILITY Not applicable
HANFORD COORDINATES N 49.806 W 53.249 [25Jan91-200E]
LAMBERT COORDINATES N 454,971 E 2,241.948 [HANCONV]

N 138.659.8m E 573.655.6m [25Jan91-NAD83]
DATE DRILLED -Oct90
DEPTH DRILLED (GS) 225.0-ft
MEASURED DEPTH (GS) : Not documented
DEPTH TO WATER (GS) 151.3-ft. 07May90:

152.7-ft. 12Mar93
CASING DIAMETER

ELEV TOP CASING
ELEV GROUND SURFACE
PERFORATED INTERVAL
SCREENED INTERVAL
COMMENTS

AVAILABLE LOGS
TV SCAN COMMENTS
DATE EVALUATED
EVAL RECOMMENDATION
LISTED USE

PUMP TYPE
MAINTENANCE

4-in stainless steel. +0.3»214.7-ft:
6-in stainless steel. +2.59--0.5-ft
557.62-ft. [25Jan91-NGVD'29]
555.03-ft. Brass cap [25Jan91-NGVD'29]
Not applicable
214.7-224.7-ft. 4-in #10-slot stainless steel w/channel pack
FIELD INSPECTION. 07Mar91:
4 and 6-in stainless steel casing.
4-ft by 4-ft concrete pad. 4 posts, 1 removable.
Capped and locked, brass cap in pad with well ID.
Not in radiation zone.
OTHER:
Geologist, driller
Not applicable
Not applicable
Not applicable
200-BP-1 Quarterly water level
Not on PNL or WHC operational
Hydrostar

measurement. 01Mar91»12Mar93:
water sample schedule

RL95-59. W51/A2 F-23
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II WELL CONSTRUCTION AND COMPLETION SUMMARY II

Drilling Sample WELL TEMPORARY
Method: Cable tool Method: Hard tool (nom) NUMBER: 699 -49-55A WELL NO:
Drilling Additives Hanford
Fluid Used: Water Used: Not documented Coordinates : N/S N 48 .805 E/W W 54.926
Driller's WA State State
Name: Miller Lic Nr: Not documented Coordinates : N 453 .966 E 2.240.274
Drilling Company Start
Company: Not documented Location: Not documented Card #: Not documented T R S
Date Date Elevation
Started: 27Jun61 Complete: 28Ju161 Ground surface: 528.47-ft Brass cao

Depth to water: 129-ft Jul61
(Ground surface )1 . - t 01Seo93

GENERALIZED Driller's
STRATIGRAPHY Log

0-10: SILT. SAND & 6-in COBBLES
10-12: SILT. SAND. GRAVEL-BOULDERS
12-50: SILT and SAND
50-50.5: CLAY
50.5-60: Coarse SAND and SILT
60-65: Coarse SAND. SILT & GRAVEL
65-75: SILT and SAND
75-85: SAND
85-99: SILT with some SAND
99-105: Coarse SAND
105-115: SILT. SAND and some GRAVEL
115-118: SILT. SAND. GRAVEL and COBBLES
118-123: CLAY
123-135: Coarse SAND and GRAVEL
135-137: Not documented
137-149: BASALT

REMEDIATIONS:
26Jul74 by M. Bultena
Set screen.
7-ft. 7-in blank on bottom

Ju177
Set plug to 141-ft
19Sep-290ct91 by WHC GWWS
Overdrilled 8-in casing to 20-ft
with 15-in hollow-stem auger bit.
Grouted annulus with cement grout.
Installed 4-ft by 4-ft concrete
surface pad. brass marker and 4 posts.
Extended casing 0.86-ft (180ct91).
Primed and painted cap. casing and
protective posts. Stenciled well
number on casing and post.

NOTE:
Screen is bowed
at top but
apparently intact

Drawing By: RKL/6N49W55A.ASB
Date Oct93
Reference : HAN 0 D w LLS

Elevation of reference point: [ 531.03-ft ]
(top of casing)
Height of reference point aboveC 2.56-ft ]
ground surface

Depth of surface seal
Type of surface seal:
Cement grout to 20-ft
between 8-in casing and
overdrilled 15-in hollowstem
auger drilled hole
Has 4x4-ft concrete pad

8-in ID carbon steel casing.
+2.6-137-ft

Hole diameter.
20-137-ft. 9-in nominal

Depth to bottom.
141.4-ft. 10Aug90

[ 0-20-ft ]

8-in casing perforations.
125-135-ft, slot not documented

6-in telescoping screen.
124-139-ft. #30-slot

Cement plug.
141^149-ft

I Borehole drilled depth: [ 149-ft ]

ftL95-59. W51/A2 F-24
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SUMMARY OF CONSTRUCTION DATA AND FIELD OBSERVATIONS
RESOURCE PROTECTION WELL - 699-49-55A

WELL DESIGNATION 699-49-55A
RCRA FACILITY Not applicable
CERCLA UNIT 200-BP-1 (200 Aggregate Area Management Study)
HANFORD COORDINATES N 48,805 W 54.926
LAMBERT COORDINATES N 453.966 E 2.240,274 [HANCONV]
DATE DRILLED Jul61
DEPTH DRILLED (GS) 149-ft
MEASURED DEPTH (GS) 141.4-ft. Aug90 TV
DEPTH TO WATER (GS) 129-ft. Jul61:

126.6-ft. 01Sep93
CASING DIAMETER 8-in, carbon steel. +2.56-137-ft
ELEV TOP OF CASING : 531.03-ft. [25Feb92-NGVD'29]
ELEV GROUND SURFACE 528.47-ft. Brass cap [25Feb92-NGVD'29]
PERFORATED INTERVAL : 125-135-ft
SCREENED INTERVAL 124-139-ft, Nominal 8-in telescoping.

#30-slot
COMMENTS FIELD INSPECTION. 11Oct89,

Carbon steel casing.
No pad, capped and locked, no posts.
No permanent identification.
FIELD INSPECTION. 160ct92.
8-in carbon steel casing. Capped and locked
4-ft by 4-ft concrete pad. 4 posts. Identification stamped on brass marker in pad.
Not in radiation zone.
OTHER:

AVAILABLE LOGS Driller
TV SCAN COMMENTS Depths referenced to ground surface:

Dec89:
Depth to bottom: 139-ft
Bottom of casing: 139-ft
Depth to water: 122.5-ft
Casing weathered. Screen 121-137-ft. Screen is bowed in on one side
but intact. Crud collecting on screen. Blank 137-139-ft.
1oAug90:
Depth to bottom: 141.4-ft, soft floating stuff
Depth to water: 126-ft. floating debris
Casing clean. Screen 124»139-ft. Slots are open, screen looks good.
Water real good.

DATE EVALUATED 13Nov90
EVAL RECOMMENDATION : 1. Install a 2-in void grout surface sea] outside

8-in casing to approximately 18-ft. OR;
2. Perforate 3-18-ft and install a 4-in liner with cement basket to approximately

20-ft. Pressure grout to 40-psi.
3. Install protective posts and concrete pad per WAC 173-160-510 and field

conditions.
4. Survey to water level measurement standards.

LISTED USE 200 BP-1 quarterly water level measurement. 14Aug61-O1Sep93
CURRENT USER WHC ES&M ER characterization and w/l monitoring,

PNL sitewide sampling 93
PUMP TYPE Hydrostar. intake at 137.9-ft. (top-of-casing)
MAINTENANCE 17&19Apr90: Pulled pump. scrubbed casing and screen, bailed debris.

19&26Jun90: Developed well by pumping to <5 NTU.
13Aug90: Installed pump.

REMEDIATION 19Sep91: Cleared site.
24Sep91: Overdrilled 8-in casing with 15-in auger bit to 20-ft.

Grouted annulus with cement grout (Al powder added).
080ct91: Excavated for surface pad and protective posts.
110ct91: Installed 4-ft by 4-ft surface pad, brass marker and 4 protective posts.
180ct91: Extended casing 0.86-ft for total stickup of 2.52-ft.
27»290ct91: Primed and painted cap. casing and protective posts.

Stenciled well number on casing and post.
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IF- WELL CONSTRUCTION AND COMPLETION SUMMARY 11

Drilling Sample WELL TEMPORARY
Method: Cable tool Method: Hard tool (nom) NUMBER: 699-49-55B WELL NO:
Drilling Additives Hanford
Fluid Used: Not documented Used: Not documented Coordinates: N/S N 48. 803 E/W W 54.951
Driller's WA State State
Name: Bultena Lic Nr: Not documented Coordinates: N 453. 964 E 2,240,249
Drilling Company Start
Company: Hatch Location: Pasco. WA Card #: Not documented T_ R_ S
Date Date Elevation
Started: 19Mar82 Complete: 13Mav82 Ground surface: 528.33 Brass cap

Depth to water: 135-ft MaY82
(Ground surface) 127.0-ft 01Seo93

GENERALIZED Driller's
STRATIGRAPHY Log

-^ Elevation of reference point:
(top of casing)

1 Height of reference point abc
^ ground surface

0-15: Cemented COBBLES
...........

15-40: Cemented COBBLES and SILT
40-50: SILT and GRAVEL
50-65: SILT and GRAVEL
65-80: SILT, GRAVEL and RINGOLD
80-95: SILT and GRAVEL
95-105: GRAVEL and some SILT and SAND
105-125: RINGOLD and COBBLES
125^135: Cemented COBBLES and GRAVEL
135-182: BASALT
182-185: Not documented
185-215: Cemented SILT and GRAVEL
215-220: SILT and SAND
220-225: SAND

Depth of surface seal
Type of surface seal

-^ Cement grout to 20-ft
between 10-in casing and
17-in hollowstem auger
overdrilled hole
Has 4x4-ft concrete pad

8-in ID carbon steel casing,
+2.6-175-ft

10-in ID carbon steel casing,
-0.5-135-ft

10-in casing perforations.
125-135-ft, slot not documented

Hole diameter.
20-135-ft 11-in nominal
13 -185-ft. 9-in nominal

REMEDIATION:
19Sep91-180ct91 by WHC GWWS
Overdrilled 10-in casing with 17-in
hollow-stem auger bit to 20-ft.
Grouted annulus with cement grout.
Excavated for and installed concrete
surface pad, brass marker and
4 protective posts.
Extended 6-in casing 0.78-ft (180ct91)
Primed and painted cap casing and
protective posts. Stenciled well
number on casing and post.

II II
. .

•_ ^_ :- ^ 6-in Johnson telescoping screen.
175-226-ft. #10 and #20-slot^

: .
. .
. .

Grouted 8-in.
0-185-ft

Hole diameter,
1B5-227-ft. 7-in nominal

Borehole drilled depth: ( 227-ft ]

Drawing By: RKL/6N49W55 .ASB
Date : 130ct9
Reference : HANFOR WELL
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SUMMARY OF CONSTRUCTION DATA AND FIELD OBSERVATIONS
RESOURCE PROTECTION WELL - 699-49-55B

WELL DESIGNATION 699-49-55B
RCRA FACILITY Not applicable
CERCLA UNIT 200-BP-1 (200 Aggregate Area Management Study)
HANFORD COORDINATES : N 48.803 W 54,951
LAMBERT COORDINATES N 453.964 E 2,240.249 [HANCONV]
DATE DRILLED May82
DEPTH DRILLED (GS) : 227-ft
MEASURED DEPTH (GS) : 225-ft. Jun90 TV
DEPTH TO WATER (GS) : 135-ft. May82:

127.0-ft. 01Sep93
CASING DIAMETER 10-in, carbon steel -0.5-135-ft:

8-in, carbon steel, +2.6-175-ft
ELEV TOP OF CASING 531.12-ft. [25Feb92-NGVD'29]
ELEV GROUND SURFACE : 528.53-ft. Brass cap [25Feb92-NGVD'29]
PERFORATED INTERVAL : None
SCREENED INTERVAL 175•226-ft. 6-in telescoping,

#10 and 20-slot. Johnson.
Blank 170-175-ft.

COMMENTS FIELD INSPECTION, 07Mar91,
Carbon steel casing. (2).
No pad. capped and locked, no posts.
No permanent identification.
FIELD INSPECTION, 160ct92,
8-in carbon steel casing. Capped and locked
4-ft by 4-ft concrete pad, 4 posts. Identification stamped on brass marker in pad.
Not in radiation zone.
OTHER:

AVAILABLE LOGS Driller
TV SCAN COMMENTS Depths referenced to ground surface:

Jan90:
Depth to bottom: 223-ft
Depth to water: 123-ft
Top of screen 175-ft, needs scrubbing.
18Jun90:
Depth to bottom: 225-ft

DATE EVALUATED
EVAL RECOMMENDATION

LISTED USE
CURRENT USER

PUMP TYPE
MAINTENANCE

REMEDIATION

Depth to water: 124.3-ft. some floating debris but fairly clean.
Casing clean. Screen 175.9-225-ft, clean. Water clear. Camera runs
were not successful in obtaining pictures until 2 weeks after development

to approximately

and field

back to

20-26Sep91: Overdrilled 10-in casing with 17-in auger bit to 19-ft.
Grouted annulus with cement grout ( Al powder added).

080ct91: Excavated for surface pad and protective posts.
110ct91: Installed 4-ft by 4-ft surface pad, brass marker and 4 protective posts.
180ct91: Extended 6-in casing 0.78-ft for 2.52-ft total stickup.
27»290ct91: Primed and painted cap, casing and protective posts.

Stenciled number on casing and post.

13Nov90
1. Install a 2-in void grout surface seal outside

8-in casing to approximately 18-ft. OR:
2. Perforate 3-18-ft and install a 4-in liner with cement basket

20-ft. Pressure grout to 40-psi.
3. Install protective posts and concrete pad per WAC 173-160-510

conditions.
4. Shorten monitored interval to approximately 15-ft by plugging

approximately 205-ft below ground surface.
5. Survey to water level measurement standards.
200 BP-1 quarterly water level measurement. 25May82-01Sep93
WHC ERcharacterization and ES&M w/l monitoring.
PNL sitewide sampling and w/l monitoring 93
Electric submersible
12&16Apr90: Brushed casing and screen, bailed debris.
31May90: Developed well by pumping to minimum of 9.4 NTU.
01Jun90: Attempted camera survey.
13Aug90: Installed pump.
19Sep91: Cleared site.
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WELL CONSTRUCTION AND COMPLETION SUMMARY 11

Drilling Sample WELL TEMPORARY

Method: Cable tool Method: Hard tool ( nom) NUMBER: 699-49-57A WELL NO:
Drilling Additives Hanford
Fluid Used: Water Used: Not documented Coordinates: N/S N 48.960 E/W W 56,913

Driller's WA State State
Name: Row Chausse Lic Nr: Not documented Coordinates: N 454.121 E 2 240.273

Drilling Company Start
Company: Not documented Location: Not documented Card #: Not documented T_ R, S

Date Date Elevation
Started: 06Jul56 Complete: 30Jul56 Ground surface: 550.95-ft Brass cap

Depth to water: 154.5-ft Jul56
(Ground surface) 14 .6-ft 01 eo9

GENERALIZED Driller's
STRATIGRAPHY Log

0-10: TOP SOIL and GRAVEL
10-30: GRAVEL and BOULDERS
30-38: GRAVEL. BOULDERS and SILT
38-75: GRAVEL and SAND
75-85: SAND
85-95: SAND some GRAVEL
95-105: SAND-some SILT
105-115: Fine SAND and SILT
115-120: Fine SAND and SILT-GRAV
120-130: GRAVEL-SAND
130-140: Pure GRAVEL
140-153: GRAVEL
153-162: Pure GRAVEL
162-168: BASALT

CW.-75)

REMEDIATION:
27Sep»12Dec91 by WHC GWWS
Pulled 14.1-ft of 10-in surfac
casing. Overdrilled 8-in casi
with 15-in hollow-stem auger b
to 20-ft. Excavated for and
installed 4-ft by 4-ft concret
surface pad. brass marker and
4 protective psots. Primed
and painted cap. casing and p0

Elevation of reference point: [ 553.52-ft ]
(top of casing)
Height of reference point above[ 2.6-ft ]
ground surface

Depth of surface sea] ( 0-20-ft ]
Type of surface seal:
Cement grout to 20-ft
between 8-in casing and
15-in hollowstem auger
drilled hole
Has 4x4-ft concrete pad

8-in ID carbon steel casing.
+2.6-162-ft

8-in casing perforations.
144-161-ft. 6 holes/ft/rd

Hole diameter.
20-162-ft 9-in nominal
-162-168-ft. 8-in nominal

Cement plug over sand slough,
164-ND-ft

Borehole drilled depth: ( 168-ft ]

Drawing By: RK/6N49W57.ASBDate
tI3-

Reference : HAN 0 D W LLS
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SUMMARY OF CONSTRUCTION DATA AND FIELD OBSERVATIONS
RESOURCE PROTECTION WELL - 699-49-57A

WELL DESIGNATION 699-49-57A
RCRA FACILITY Not applicable
CERCLA UNIT 200-BP-1 (200 Aggregate Area Management Study)
HANFORD COORDINATES N 48,960 W 56,913
LAMBERT COORDINATES N 454.121 E 2.240.273 [HANCONV]
DATE DRILLED Ju156
DEPTH DRILLED (GS) 168-ft
MEASURED DEPTH (GS) : 164.6-ft. Oct89 TV
DEPTH TO WATER (GS) : 154.5-ft. Ju156:

149.6-ft. 01Sep93
CASING DIAMETER 8-in, carbon steel. +2.57-162-ft
ELEV TOP OF CASING : 553.52-ft. [25Feb92-NGVD'29]
ELEV GROUND SURFACE : 550.95-ft. Brass cap [25Feb92-NGVD'29]
PERFORATED INTERVAL : 144-161-ft
SCREENED INTERVAL Not applicable
COMMENTS FIELD INSPECTION, 110ct89.

Carbon steel casing.
No pad, capped and locked, no posts.
No permanent identification.
FIELD INSPECTION. 160ct92.
8-in carbon steel casing. Capped and locked
4-ft by 4-ft concrete pad, 4 posts. Identification stamped on brass marker in pad.
Not in radiation zone.
OTHER:

AVAILABLE LOGS Driller
TV SCAN COMMENTS Nov89, depths referenced to ground surface:

Depth to bottom: 164.6-ft
Depth to water: -148.5-ft
Perforations start at -142-ft and ended at -162-ft. Perforations could be
seen to bottom of casing. Well casing fairly clean of scale.

DATE EVALUATED 13Nov90
EVAL RECOMMENDATION : 1. Pull 10-in casing and install a 2-in void grout surface seal outside

8-in casing to at least 18-ft. OR:
2. Perforate 3-18-ft and install a 4-in liner with cement basket to approximately

20-ft. Pressure grout to 40-psi.
3. Install protective posts and concrete pad per WAC 173-160-510 and field

conditions.
4. Survey to water level measurement standards.

LISTED USE 200 BP-1 quarterly water level measurement. 22Jun64»01Sep93
CURRENT USER WHC ER characterizatoin and ES&M w/l monitoring.

PNL sitewide sampling 93
PUMP TYPE Electric submersible
MAINTENANCE 130ct89: Pulled pump.

22Nov89: Installed pump.
REMEDIATION 27Sep91: Cleared site.

11Nov91: Pulled 14.1-ft of 10-in casing.
Overdrilled 8-in casing to 20-ft with 15-in hollow-stem auger bit.

12Nov91: Grouted annulus with cement grout (Al powder added).
14-15Nov91; Excavated for surface pad. annular extension and protective posts.
20Nov91: Installed 4-ft by 4-ft concrete surface pad, annular extension,

brass marker and 4 protective posts.
04»05Dec91: Extended 8-in casing 0.72-ft for total of 2.5-ft stickup.

Stamped casing and brass marker with well number. Removed form.
11-12Dec91: Primed and painted cap, casing and posts.
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II WELL CONSTRUCTION AND COMPLETION SUMMARY II

Drilling Sample Drive barrel WELL TEMPORARY
Method: Cable tool Method: Hard tool NUMBER: 699-49-57B WELL NO:
Drilling 200 W Water Additives Hanford
Fluid Used: Suoolv Used: None Coordinates: N/S N 48 903 E/W W 56 923
Driller's WA State State (NAD83)N 13.^381.34 E .Ti ,.62
Name: G Lydin Lic Nr: Not documented Coordinates: N 454.059 E 2.238.277
Drilling Company Start
Company: Kaiser Engineers Location: Hanford Card #: Not documented T R S
Date Date

_
Elevation

Started: 05Aor90 Complete: 09Nov90 Ground surface: 553.22-ft Brass cap

Depth to water: 149.0-ft Apr90
(Ground surface) 151.5-ft 01Seo93

GENERALIZED Geologist's
STRATIGRAPHY Log
S1-slightly

0-4: SILT
4-10: Gravelly sandy SILT
10-18: Silty sandy GRAVEL
18-23: S1 silty SAND
23-29: SAND
29-35: S1 gravelly SAND
35-57: SAND
57-58: Sandy SILT
58-65: Si silty SAND
65-77: SAND
77-89: Si silty SAND
89-108: SAND
108-111: Sl silty SAND
111-115: SILT
115-118: Gravelly silty SAND
118-131: Silty sandy GRAVEL
131-145: GRAVEL
145-157: Silty sandy GRAVEL
157-162.5: Sandy GRAVEL
162.5-215: BASALT
215-225: Silty SAND
225-230: S1 silty SAND

Drawing By:RKL/6N49W57B.ASBDate
: 1 ct93

Reference : WHC-SD-EN-TI-054

Elevation of reference point: [ 555.99-ft ]
(top of casing)
Height of reference point above[ 2.77-ft ]
ground surface

Depth of surface sea] [ 2.6-198-ft ]
Type of surface seal:
Cement grout to 19.8-ft
4x4-ft x 6-in concrete pad
extends 2.6-ft into annulus

4-in ID stainless steel casing.
+0.9-228.3-ft

Bentonite crumbles.
19.8-148.6-ft. 8-20-mesh

Puregold bentonite slurry.
148.6-164.8-ft

Hole diameter,
0-162.9-ft, 11-in nominal
162.9-180.1-ft. 9-in nominal
180.1-230.0-ft, 7-in nominal

Cement grout.
164.8-209.1-ft

Baroid holeplug bentonite chunks,
209.1-215.1-ft

Silica sand pack.
215.1216.1-ft. 20»40 mesh
2161-22^t. 8-12 mesh

I 4-in stainless steel screen,
219.3-229.7-ft. #10-slot
w/bottom p ate

F{•!

•I.i

.j Slough.
• ^ ' ^ 224.4-230.4-ft
^fi?.-T

Borehole drilled depth
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SUMMARY OF CONSTRUCTION DATA AND FIELD OBSERVATIONS
RESOURCE PROTECTION WELL - 699-49-57B

WELL DESIGNATION 699-49-57B
CERCLA UNIT 200-BP-1 (200 Aggregate Area Management Study)
RCRA FACILITY Not applicable
HANFORD COORDINATES N 48.903 W 46.923 [25Jan91-200E]
LAMBERT COORDINATES N 454,059 E 2,238.277 [HANCONV]

N 138,381.3m E 572.536.6m [25Jan91-NA083]
DATE DRILLED Nov90
DEPTH DRILLED (GS) 230.4-ft
MEASURED DEPTH (GS) Not documented
DEPTH TO WATER (GS) 149.0-ft. 19Apr90:

151.5-ft. 01Sep93
CASING DIAMETER 4-in stainless steel, +0.9-228.3-ft:

6-in stainless steel. +2.77--0.5-ft
ELEV TOP CASING 555.99-ft, [25Jan91-NGVD'29]
ELEV GROUND SURFACE 553.22-ft. Brass cap [25Jan91-NGVD'29]
PERFORATED INTERVAL : Not applicable
SCREENED INTERVAL 219.3-229.7-ft, 4-in #10-slot stainless steel
COMMENTS FIELD INSPECTION. 07Mar91:

6-in stainless steel casing. 4-ft by 4-ft concrete pad, 4 posts, 1 removable
capped and locked. brass cap in pad with well ID.
Not in radiation zone.
OTHER:

AVAILABLE LOGS Geologist. driller
TV SCAN COMMENTS Not applicable
DATE EVALUATED Not applicable
EVAL RECOMMENDATION : Not applicable
LISTED USE 200-BP-1 quarterly water level measurement. O1Mar91-O1Sep93:
CURRENT USER WHC ER characterizatin and ES&M w/l monitoring,

PNL sitewide sampling 93
PUMP TYPE Hydrostar
MAINTENANCE
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